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PART I. AZO DYES 
2 
I ,  INTRODUCTIOH 
Asso dyes make up tiie largest olasa of dyes» and are 
usually considered the group with the lUllest shade range and 
the most diverse uses. Their common structural characteristic 
is the azo chromophore (-NaiN*) connecting two carbon systems« 
at least one of which is aromatic* 
The reaction of an aromatic amine with nitrous acid to 
yield a diazo compound and the combination of the diazo con-
pound with a suitable component to yield an azo derivative 
are two of the older reactions in organic chemistry# The 
former was discovered by Greiss in 1856 (1)^  idiile the latter 
was discovered by Kebule and Hide^  ^in 1870 (2)* In the years 
that followed, ffianj investigators attempted to elucidate the 
mechanisms by which these two reactions occur* Only witiiin 
the past few years, however, have we had available the theo­
retical background necessary for the understanding of these 
phenomena* Even now we cannot say the picture is complete* 
Both of these reactions occur in systems characterized by the 
existence of several independent equilibria* Venkataraman and 
Lubs give excellent discussions on the theory of diazotization 
in their books (3,4)* 
Metal complexes of azo dyes are of great importance to 
the dye industry* Chromium is the most important mordant, 
but other metals such as aluminum and iron are sometimes used* 
3 
The aso group has not been observed to coordinate with a 
metallic atom to form a stable complex unless the metal can be 
held by chelation within the dye molecule* Mordant azo dyes 
must therefore possess a hydroxyl^  amino or other group in the 
ortho position to the azo group to enable the metal atom to be 
implicated in a chelate ring* 
Drew and Landquist (5) have described copper derivatives 
of o-hydroxy, o-carboxy, o,o*-dihydroxy, o-hydroxy"»o *-carboxy 
and o«o*»dlcarboxyazo compounds of the benzene and naphthalene 
series* In the case of the o«o*«dihydroxya£o compounds* I^ ew 
has observed that the metallic atom is covalently linked to 
botdbi the hydroxyl groups* The copper derivative of 
l«(2«hydro35y-l-benzeneazo)-'2-hydroxybenzene is coordinatively 
unsaturated and forms a crystalline monopyridine compound in 
iriiich the combined base is firmly held* They have also shown 
that an ortho carboxy group in azobenzene resembles an ortho 
hydroxyl in its ability to form metal chelates* The attach­
ment of the metal to the azo compound is less stable than in 
the ortb.0 hydroxy compounds* 
Haendler and Smith (6) have isolated in the crystalline 
state a large number of copper complexes of phenylaso-
betanaphthols* They have shown that copper forms 1*2 com­
plexes with dyes that have only one hydroxyl group ortho to 
the azo group* 
The existence of tiie metal complexes of ortho hydroxyazo 
4 
compounds indicates the trans arrangement of the groups at-
tadied to the azo group (7)* Studies of the stereochemical 
properties of chelated compoTinds have shown that 6-Hnembered 
chelate rings possess somewhat greater stability than 5-
membered rings, and considerably more stability than 7-
membered rings# Discussing the constitution of the coordi­
nated copper salts of ortho hydroxyazo compounds. Drew and 
Landquist (5) consider that the 5«ring structure is not ex­
cluded in principle and is Indeed probable in some cases* 
A single ortho hydroxyl group is insufficient to hold a 
chromium atom in stable combination with azo-nitrogen; this is 
also true of iron, manganese, and zinc, and in contrast with 
the behavior of copper, nickel, and cobalt« As against the 
greater stability of copper-azo coordination in the mono-
hydroxyazo compounds, the chromium complexes of o,o*-dihydroxy 
dyes have markedly greater stability to mineral acids and 
alkalis than 1±ie corresponding copper derivatives (8), Chro­
mium forms Itl and lt2 complexes with o,o'-dlhydroxyazo com­
pounds, depending on the concentration of the dye# 
Beech and Drew (9) have observed that ortho aminoazo 
cranpounds yield coordination complexes if a hydroxyl or car-
boxyl group is ja»esent in the other ortho position* 
No work had been done with azo dyes &nd the alkaline 
earth metals until 1948 when ethylenediamlnetetraacetic acid 
was found to be a satisfactory titrant for the alkaline earth 
metals* Schwarzenbach and Bledermann (10) reported four 
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o,o*-dihyclroxyazo dyes that would be suitable for indicators 
in the titration of calcium and magnesium with ethylenedia** 
minetetraacetic acid. They stated that calcium and magnesium 
formed 1:1 complexes with the dyes* They also determined the 
formation constants for the reactions of the dyes with calcium 
and magnesium# The value of the formation constant for Erio-
chrome black T has subsequently been changed by Schwarzenbach 
(11), 
Others (12«13} have reported Itl, 1:2, and 1:3 complexes 
for magnesi\un and calcium with Eriochrome black T» The ma­
terial they used was not pure and they made no attempt to 
purify it« 
As copper will form complexes witii azo dyes that contain 
only one ortho hydroxyl group, and chromium is capable of 
foming 1:1 and 1:2 complexes with ofo'-dihydroxyazo con* 
pounds, there was some question if calcium and magnesium would 
behave in the same manner* 
The dyes selected for this study were all simple for ease 
in preparation and purification and for clarity in interpret­
ing complex formation* All of the dyes were carefully puri­
fied and the great majority of them were obtained in crystal­
line form* The methods used to determine if complexes were 
formed, the combining ratios and formation constants of the 
ccMBplexes are discussed in the next section* The methods of 
preparation and purification are given with the discussion of 
the individual dyes* 
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II, MM'HODS AND PROCEDURE 
The abaorptlon spectra of the dyes and the calcium and 
magnesium complexes were obtained using the Beckman DK 5 and 
W spectrophotometers. All spectrophotometrlc data used In 
obtaining combining ratios and formation constants were ob­
tained using the Beckman 
The presence of a complex was determined spectrophoto* 
metrically* The absorption spectra of buffered solutions of 
the dyes and the dyes with a very large excess of calcium and 
magnesium were obtained. Differences in the spectra with and 
without the metals ions present, gave indication of complex 
formation* 
Two methods were used to determine the combining ratio 
of the metal to dye• The first is the conventional method of 
Job (14^ 15,16)• When this procedure was used, the value of 
the formation constant was determined by an independent 
method• 
When the combining ratio is known, the formation constant 
may be determined by measuring the eanount of complex formed or 
the amount of dye used to form a complex when metal ions are 
added* The solutions are buffered and at constant ionic 
strength* As the absorbancy of the dye or complex is propor­
tional to the concentration, the amount of free dye or the 
amount of complex formed can be measured when a known concen-
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tratlon of metal ion is added to the dye. With these data the 
formation constant of the reaction can be calculated in the 
following manner# For the reaction, Mg^  + D* ^  MgD*, where 
D* s= [P"l » formation constant is ex­
pressed ass 
„. M'] . 
[»lg+*j[D>] 
Relationi^ lps for the quantities involved are, Cj^  s [I,.]. 
[MgD'3 $ and Cjjg « [Mg"*"*"! + [MgD*j , where Cjj represents the 
total dye concentration and represents the total magnesium 
concentration# Knowing Cjj and Cjjg and measuring [MgD*][ 
and can be calculated using the relationships given. 
This was the method employed by Schwarzenbach in evaluating 
the formation constants for calcium and magnesium with Erlo* 
chrome black T (11)* 
The continuous variations procedure for determining com­
bining ratios will not work satisfactorily when the formation 
constant for the reaction involved is small or when the ab­
sorption spectra of the species Involved are similar* 
The second mettiod used to determine the combining ratio 
was employed by Dlehl (17) in a study of the reaction of 
vitamin with cyanide* 
For the reaction, 
(1) n Mg"^  + D» MgjjD» , 
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where D» = + [hD*]+[d"] , 
the formation constant is expressed ast 
[•fenB*] , 
(8) K = r 1 r •• 
[««••] «»[d'] 
Converting equation (2) to logarithmic form and setting it up 
as the equation for a straight line (y = mx + b), we obtain, 
rMg„D*l r 1 
(3) log V - • « n log [Mg"*^ ) + log K. [c] 
r ["Sn"'] 
Plotting n log [Mg J versus log , the slope is equal 
Ld*J 
to "n" and the y intercept is log K« 
In "ttiis procedure, the concentration of the dye is kept 
corwitant and the concentration of the metal ion is varied. 
The absorbancy of the free dye and the pure complex are de­
termined at a particular wavelength* The concentrations of 
the species present, when the metal ion is varied, are deter­
mined by linear interpolation. The solutions must be buffered 
and at constant ionic strength* 
This method is only applicable iwhen tiie formation con­
stant is weak and the total magnesium is essentially equal to 
the free magnesium* As the previous method Is not applicable 
under these conditions, the two complement each other very 
well* 
The standard calcium solutions used were prepared by 
9 
weight using Mallinekrodt A* R. Primary Standard calciuiB 
carbonate « 
The standard magnesium solutions were prepared using 
Baker and Adamson magnesium chloride hezahydrate* The 
strength of theae solutions was determined by titration with 
disodium dihydrogen ethylenediaminetetraaoetic acid previously 
standardized against Mallinokrodt A* R« Primary Standard 
calcium Cfa:>bonate« 
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XXX. EXFERXMENTAL WORK 
A* Mono&zo Dyes Vlhioh Bo Hot Farm Complexea 
This series of dyes does not form complexes with either 
caleitm or magnesium* Only three of the dyes in this series 
have two groups both ortho to the azo group* 
The absorption spectra of the dyes at pH 10 is given for 
comparison pirposes* 
There is much repetition in the preparations involved 
but each one is given in detail for ease in location* The 
references cited for the preparations are usually but one of 
several that could be cited* Xn most cases the other refer­
ences are very similar* 
1* 1- (4«»hydroxyl»benzeneago) benzene 
The absorption spectrum for this dye at pH 10 is shown 
in Fig* 1* 
The dye was purchased fr<Ma Eastman Kodak* Xt was re-
crystallized from hot ethanol and Horite A* The melting point 
of the crystalline material was 154*5-155° C*, reported 152° 
C* (18)* 
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2« 1- (4«"hydro3cy*l-l)ongene azo) Hkhydr oxybengenft 
The abaorption spectrum for this dye at pH 10 is shown 
In Fig* 2* 
To prepare the dye» 30 g« of p»aiaino|^ enol (0*33 mole) 
were dlaaolved in 75 ml* of distilled water and 65 ml* of 
concentrated hydrochloric acid* This was cooled to C* and 
24 g. of sodium nitrite in 60 ml* of distilled water was added 
slowly over a period of 30 minutes» keeping the reaction mix­
ture cool by the addition of ice* 
The diazotized amine was then added to 30 g* of i^ enol 
(0*33 mole) dissolved in 120 ml* of 6 N sodium hydroxide and 
100 ml* of distilled water* After coupling* the dye was pre­
cipitated by the addition of Itl hydrochloric acid* The crude 
dye was washed well with distilled water» dried and crystal­
lized from hot benzene* The melting point of the crystalline 
material was 218^  C*, reported 216-216*5C* (19)* 
3* 1»(2.4-dihydroxy-l*benzeneazo) benzene 
/ 
OH 
Tl» absorption apectrum for this dye at pH 10 la abown 
in Fig* 3* 
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The dye was |Axrchased from Eastman Kodak* It was re-
crystallised from hot ethanol using Norlte A decolorizing 
carbon* The melting point of the crystalline material was 
166-166.5® C., reported 169-170® C* (20). 
4* l-(2.4-dihydroxy-l-ben2eneazo>-4-hydroxybengene 
The absorption spectrum for this dye at pH 10 is shown 
in Fig* 4* 
To prepare the dye, 30 g. of p-aminophenol (0*3 mole) 
were dissolved in 75 ml* of distilled water aM 65 ml* of 
concentrated hydrochloric acid* This was cooled to 5® C* and 
24 g* of soditUEH nitrite in 60 ml* of distilled water was added 
slowly over a period of 30 minutes, keeping the reaction mix­
ture cool by the addition of ice* 
The diazotized amine was then added to 35 g* of resorcin-
ol (0*3 mole) in 120 ml* of 6 H sodium hydroxide and 100 ml* 
of distilled water* After coupling, the dye was irecipitated 
with 111 hydrochloric acid, filtered and washed with dis­
tilled water* The crude material was crystallized from etha­
nol using Horite A decolorizing carbon* The crystals were 
bright red, decomposing at 228® 0*, reported 226® C* (21)* 
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>• 1- (4'»h7droxy-l-beazene azo) -g-hydroxyberxzene 
.OH 
Tho absorption spectrum for this dye at pH 10 is shonn 
in Fig* 5« 
To prepare the dye» 30 g. of o«aminophenol (0.3 mole) 
were dissolved in 75 ml« of distilled water and 65 ml* of 
concentrated hydrochloric acid* This was cooled to 5° €• and 
24 g« of sodium nitrite in 60 ml* of distilled water was added 
slowly over a period of 30 minutes, keeping the reaction mix­
ture cool hj the addition of ice* 
The diasotized amine was then added to 30 g* of phenol 
(0*3 mole} in 10 ml* of 6 N sodium hydroxide and 250 ml* of 
distilled water containing 50 g* of sodium carbonate* After 
coupling, the dye was precipitated by the addition of Itl 
hydrochloric acid, filtered and washed with distilled water* 
Attempts at crystallizing the dye were imsuccessful, the 
material melted at 139® C*, reported 146-47® C* (22)* 
6* l-( 2 «4-dih7droxy'»l-benzeneazo) -4-nitrobenzene 
OH 
HO-\2)- ~ 
The absorption spectrum for this dye at pH 10 is shown 
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in Pig, 6. 
This dye was prepared by Dr« H« Diehl. It was reerystal-
lized from hot ethanol using Norite A decolorising carbon* 
The melting point of tiie crystalline material was 181^  
reported 180® C, (23). 
7# l»{2-carb03Ey'l'*benseneaso)^ -g-benzoic acid 
The absorption spectrum for this dye at pH 10 is shown 
in Fig. 7. 
To prepare the dye, 10 g* of o»nitrobenzoic acid, 10 ml. 
of distilled water and 50 g. of sodium hydroxide were warmed 
together until they formed a melt. This melt was t^ ien heated 
to 200® C«, stirred for 10 minates, and poured into 1 liter 
of distilled water. The dye was tiien precipitated by the ad* 
dition of 111 hydrochloric acid, filtered and washed well 
with distilled water. 
Bright orange crystals were obtained by crystallization 
from hot ethanol using Norite A decolorizing carbon. The 
crystalline material melted at 235-57^  C«, reported 238-»S9® 
C. (24). 
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8« l-( 2''hi^ roxy-'l''»n&t>hthylazo) benzene 
- O  
The absorption apectrum for tbis dye at pH 10 is shoioi 
in Fig* 8. 
To prepare the olye» 30 ml* of aniline (0*5 mole) were 
mixed with 75 ml* of distilled water and 65 ml* of concen­
trated hydrochloric acid* This mixture was cooled to 5^  C*» 
and 24 g* of sodixxm nitrite in 60 ml* of distilled water was 
added slowly over a period of 30 minutes, keeping the reaction 
mixture cool by the addition of ice* 
The diazotized amine was then added to 40 g* of beta* 
najihi^ ol (0*3 mole) in 150 ml* of 5 N sodium hydroxide and 
150 ml* of distilled water* The crude dye was then precipi­
tated by the addition of Isl hydrochloric acid, filtered, and 
washed with distilled water* The dye was crystallized from 
ethanol using Norite A decolorizing carbon* The orange 
crystals had a melting point of 133*5'^  C*, reported as 133-34® 
C * (25)* 
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9* i«( 4«'hydroxy'l'-t>enzeneago) naphtdaalene 
8-NN-
The absorption spectrum for this dye at 10 is shown 
in Pig. 9« 
To prepare the dye« 40 g* of aliihanaphthylamine (0.3 
mole) were dissolved in 75 ml. of distilled water and 65 ml* 
of concentrated hydrochloric acid. This was cooled to 5° C, 
and 24 g« of sodium nitrite in 60 ml* of distilled water was 
added slowly over a period of 30 minutesy keeping the reaction 
mixture cool by the addition of ice* 
The diasotized amine was then added to 30 g« of phenol in 
120 ml* of 6 N sodiiam hydroxide and 100 ml* of distilled wa* 
ter* When the reaction mixture was acidified with lil hydro-
diloric acid, a tar was formed* The tar was dissolved in 
methyl alcohol and distilled water was added until a turbidity 
appeared* After a few hours long red needles were formed* 
The dye was recrystalllzed in the same manner and had a melt­
ing point of 136® C*, reported 136® C* (26)* 
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10. l-( 4-hYdro3CT--'l«'naphth7lazo) -4»hydrox-gbengene 
The absorption speotram for this dye at pH 10 is shown 
in Fig. 10. 
To prepare the dye, 30 of p-amlnophenol (0.3 mole) 
were dissolved in 75 ml. of distilled water and 66 ml. of 
concentrated hydrochloric acid. This was cooled to 5^  C. and 
24 g. of sodium nitrite in 60 ml. of distilled water was added 
slowly over a period of 50 minutes, keeping the reaction mix­
ture cool by the addition of ice. 
The diazotized amine was then added to 40 g. of alpha-
naphthol (0.3 mole) in 120 ml. of 6 N sodium hydroxide end 
100 ml. of distilled water. After coupling, the dye was pre­
cipitated by the addition of 1$1 hydrochloric acid, filtered 
and washed with distilled water. The dye was crystallized 
from ethyl alcohol using Horite A decolorizing carbon. The 
crystalline material had a melting point of 174-174.5® C., 
no melting point reported in the literature for this dye (27). 
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XI* 1»( 4-h7dro3ar-l-naphthylazo) benzene 
Q NN- -OVA 
fhe absorption apeotrum for this dye at pH 10 is ahovn 
in Fig* II* 
To prepare the dye^  30 ml* of aniline (0*3 mole) were 
mixed with 75 ml* of distilled water and 65 ml* of conoen* 
trated hydrochloric acid* This was cooled to 5° C* and 24 g* 
of sodium nitrite in 60 ml. of distilled water was added slow­
ly over a period of 30 minutes, keeping the reaction mixture 
cool by the addition of ice* 
The diazotized amine was then added to 40 g, of alpha-
na^ t^hol (0*3 mole) in 120 ml* of distilled water and 120 ml* 
of 6 H sodium hydroxide* After coupling, the dye was precipi­
tated by the addition of 111 hydrochloric acid, filtered, and 
washed with distilled water* Attempts to crystallize the dye 
were unsuccessful* The dye decomposed at 198^  C«, repco'ted 
decomposition 206^  C* (28)* 
12* 1-12-hydroxy-l-naT>hthylazo) ''4-nit robenzene 
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 ^ The absorption spectrum for this dye at pH 10 is shovn 
in Fig* 12* 
To prepare the dye» IS g* of p-nitroanlline (0*1 mole) 
were dissolved in 7 ml. of distilled water and 18 ml* of con* 
centrated hydrochloric acid. This was cooled to s'' C* and 
10 g« of sodium nitrite in 25 ml* of distilled water was added 
slowly over a period of SO minutes, keeping the reaction mix­
ture cool by the addition of ice* 
The diazotized amine was then added to 14 g* of beta-
na^ t^hol (0*1 mole) in 50 ml* of 5 N sodium hydroxide and 100 
ml* of distilled water* After coupling, the dye was precipi­
tated by the addition of Itl hydrochloric acid, filtered, and 
washed with distilled water* Bright red crystals were ob* 
talned upon purification with chloroform and Norlte A decolor-
izir^  charcoal* The melting point of the crystalline materiel, 
was 253® C*, reported 251-252® C* (25)* 
1*( 2-hydroxy-l-nai>hth7l>Ko) -2-nltrobenzene 
The absorption spectrum for this dye at 10 is ^ own 
in Fig* IS* 
To prepare ttie dye, IS g* of o-nitroaniline (0*1 mole) 
were dissolved in 10 tnl. of distilled water and 18 ml. of 
/ ,0H Np2 
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ooncentrated hydrochloric acid* This waa cooled to 5° C* and 
10 g» of aodluffi nitrite in 25 ml. of diatilled water vaa added 
slowly over a period of 30 minutes, keeping the reaction mix-> 
tare cool by the addition of lce« 
!Fhe diazotized cmlne was Idien added to 14 g« of beta** 
naphthol (0#1 mole) in 50 ml. of 5 N sodium hydroxide and 100 
ml. of diatilled water. After coupling, the dye tms precipi­
tated by the addition of 1:1 hydrochloric acid, filtered, and 
washed with distilled water. Crystals were obtained from 
ethyl alcohol and Norlte A decolorizing charcoal. The crys­
tals had a melting point of 210® 0., reported 209-210® C. 
(29), 
14. l-( 2-hTdroxy-l*naifathylago) -4-faydro3CYbenzene 
The absorption spectrum for this dye at pH 10 is shown 
in Fig. 14. 
To prepare the dye, 30 g. of p-aminophenol (0.3 mole) 
were dissolved in 75 ml. of distilled water and 65 ml. of 
concentrated hydrochloric acid. This was cooled to 5® C. and 
24 g. of sodium nitrite in 60 ml. of distilled water was added 
slowly over a period of 30 mlnaites, keeping the reaction mix­
ture cool by the addition of ice. 
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The dlazotized amine was then added to 40 g* of beta* 
naphtiaol {0*3 mole) in 120 ml* of 6 N sodium hydroxide and 
100 ml* of distilled water* After coupling, the dye w&a pre­
cipitated by the addition of Itl hydrochloric acid, filtered, 
and washed with distilled water* Crystalline material was 
obtained upon purification with benzene using Norite A de» 
colorizing charcoal* The melting point of the crystalline 
material waa 186-188® C*, reported 194® C* (30)• 
15* 1- (2-amino-l-naid3.thylazo) -2-hTdr oxybenzene 
The absorption spectxnim for this dye at pE 10 is shown 
in P3«. 15. 
To prepare the dye, 11 g* of o-aminophenol (0*1 mole) 
were dissolved in 5 ml* of concentrated hydrochloric acid and 
50 ml* of glacial acetic acid* This waa cooled to 5® 0* and 
7 g* of sodium nitrite in 20 ml* of distilled water was added 
slowly over a period of 20 minutes, keeping the reaction mix­
ture cool by the addition of ice* 
The diazotized mine was then added to 14 g* of beta 
naphthylamine (0*1 mole) in 150 ml* of glacial acetic acid* 
The coupling was allowed to proceed for one hour* The reac­
tion mixture was then diluted to 600 ml* with distilled water 
NHi Ort 
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and the dye precipitated by the addition of 1:1 hydrochlorio 
aold* The dye was filtered and washed with distilled water* 
Crystals were obtained from ethyl alcohol using Norite A 
decolorizing charcoal* The crystals had a melting point of 
194*5-195® C., reported 192-193® C* (31)* 
16* 1* C 4-hydroxy-l-naphthylazo)naphthalene 
The absorption spectrum for this dye at pH 10 is shown 
in Pig* 16. 
To prepare the dye, 40 g. of alpha naphthylaraine (0.3 
mole) were dissolved in 75 ml. of distilled water and 65 ml. 
of concentrated hydrochloric acid. This was cooled to 5® C* 
and 24 g* of sodium nitrite in 60 ml* of distilled water was 
added slowly over a period of 30 minutes^  keeping the reaction 
mixture cool by the addition of ice. 
The diazotlzed amine was then added to 40 g. of alpha 
naphthol (0*3 mole) in 120 ml. of 6 N sodium hydroxide and 
100 ml. of distilled water. After coupling, the dye was pre­
cipitated by the addition of 111 hydrochloric acid, filtered, 
and washed with distilled water. Repeated purification at­
tempts did not yield crystalline material. The melting point 
of the dye was 169-170® C., reported 178-179® C. (32). 
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17 • l^ C e^ hydroxy-lonatfathylago) naidathalona 
\\ } \_j) 
The abaorptlon apeotrum for this dye at pH 10 la ahown 
In Flg» 17• 
To prepare the dye, 40 g. of alpha naphthylamlne (0.3 
mole) were dlaaolved In 75 ml. of dlatllled water and 65 nl» 
of concentrated hydrochloric acid* Thla waa cooled to 5^  C* 
and 24 g. of aodlum nitrite In 60 ml* of dlatllled water waa 
added slowly over a period of 30 mlnutea, keeping the reac«» 
tlon mixture cool by the addition of Ice* 
The dlasotlzed amine waa then added to 40 g* of beta 
naphthol (0*3 mole) In 120 ml* of 6 N aodlum hydroxide and 
100 ml* of dlatllled water* After coupling, the dye was pre­
cipitated by the addition of 111 hydrochloric acid, filtered, 
and washed with dlatllled water* The dye waa cryatalllzed 
from ethyl alcohol using Norlte A decolorizing charcoal* The 
cryatalllne dye had a melting point of 227-228^  C*, reported 
229-230® C* (33). 
B* Monoazo Dyes Which Do Form CoBplexes 
The dyes In this group are all of the o,o•-dlhydroxya«o 
or o-carboxy-o'-hydroxyazo type* They all form complexes with 
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magnesium and all but two form complexes with calcium. The 
complexes are formed in the pH range of 8 to 11 • Belov this 
pH range very little complex is formed, and at higher pH 
values the calcium and magnesium hydroxides pS'ecipitate form* 
ing lakes* 
The formation constants and combining ratios for the re­
actions of the dyes plus calcium and magnesium were determined 
by the methods described earlier* Data and graphs for the 
ionization constants, cembining ratios, formation constants 
and absorption spectra are given for each dye. The prepara­
tions are given in detail even tiaough there is much repeti­
tion* 
1* l-( 2-hydroxy-l-benzenea8o) *2»hvdroxynai3hthalene 
This dye forms soluble complexes with calcium and mag­
nesium* The dye exists in three species, depending upon 
The colors for the three species are: red, purple and red 
(Fig* 18}* Calcium and magnesium form orange complexes with 
the purple species* The absorption spectra for the dye and 
the complexes at pH 10 are shown in Fig* 19* 
The ionization constants for the three species of the 
dye were determined spectrophotometrically* This was done at 
OH OH / s 
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a wave length of 560 millimicrons (Table 1, Pig* 20). The pK 
values for the ionization constants are 7*7 and 12•4« 
The combining ratio for the reaction of the dye with 
magnesium was determined by the method of continuous varia­
tions* This was done at three pH values and five wave lengths 
for each (Tables 2, S, 4| Fig. 21, 22, 23}• The ratio of 
dye to magneslxm was Itl for each of these determinations* 
The forflmtion constant for the reaction of dye with mag­
nesium was determined at a wave length of 605 millimicrons* 
This wave length was selected because the complflK does not 
interfere with the dye* The constants were determined at 
four values* The solutions were buffered and held at a 
constant ionic strength of 0*1 with potassium chloride* The 
average value for log K at a pH of 10*00 was 4*59 (Table 5)* 
The reaction of calcium with the dye is gnioh weaker than 
the corresponding magnesium reaction* The continuous varia­
tions method failed to give results and the log ratio method 
was then applied* This was done at pH values of 11*42 and 
10*07 and wave lengths of 560 and 600 millimicrons* The 
solutions were buffered and at constant ionic strength* The 
slope and intercept were calculated by the method of least 
squares from the experimental data (Tables 6» 7, Fig* 24}* 
The combining ratio was found to be 1*08* The average log K 
for a combining ratio of 1*00 and a pH of 10*00 is 2*26* 
To prepare the dye, 30 g* of o-aminophenol (0*3 mole) 
were dissolved in 75 ml* of distilled water and 65 ml* of 
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Table 1. SpectrojAiotonietrlc data for the determination of the 
lonlsatlon constants of dye B 1 
pH Abaorbancy pH Absorbancy 
3.08 0.014 10.19 0,132 
4.80 0.013 11.03 0.119 
6.42 0.024 11.72 0.096 
6.S0 0.026 12.31 0.078 
8*04 0.077 12.54 0.058 
8.58 0.102 12.70 0.050 
9.33 0.125 
Table 2* Continuous variations for dye B 1 
Dye Absorbancy at pH a 9«48 
per cent 620 605 560 a^ i 50b mji 47^  
10 0.008 
20 0.018 
30 0.033 
40 0#048 
50 0.065 
60 0.083 
70 0.097 
80 0.119 
90 0.138 
100 0.157 
0.014 0.022 
0.029 0.048 
0.054 0.090 
0.079 0*129 
0.107 0.173 
0.134 0.207 
0.156 0.245 
0.191 0.296 
0.219 0.329 
0.252 0.388 
0.026 0.018 
0.050 0.035 
0.084 0.055 
0.109 0,071 
0,146 0.095 
0.160 0.104 
0.187 0.118 
0.211 0.133 
0.232 0.145 
0.252 0.152 
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Table 3« Contlmioua variations for dye B 1 
Dye  ^ Absorbanoy at pH «JOt^ O 
per cent 620 605 560 500 va^  475 
10 0#007 0.009 0.016 0.038 0.030 
20 0.015 0.024 0.037 0.076 0.058 
30 0,025 0.039 0.062 0.107 0.079 
40 0.036 0.059 0.092 0.140 0.102 
50 0.052 0.081 0.121 0.173 0.124 
60 0.071 0.115 0.176 0.188 0.132 
70 0.097 0.152 0.225 0.213 0.143 
80 0.121 0.196 0.284 0.220 0.143 
90 0.159 0.250 0.357 0.228 0.137 
100 0.189 0.301 0.431 0.231 0.133 
fable 4* Continuous variations for dye B 1 
Dye Absorbanoy at pH g 11«15 
per cent 620 605 ^  o60 500 475 
10 0.004 
20 0.006 
30 0.010 
40 0.015 
50 0.026 
60 0.047 
70 0.072 
80 0.111 
90 0.150 
100 0.201 
0.006 0.010 
0.008 0.018 
0.016 0.029 
0.024 0.044 
0.040 0.066 
0.071 0.111 
0.114 0.172 
0.173 0.249 
0.231 0.327 
0.314 0.442 
0.047 0.038 
0.091 0.072 
0.125 0.100 
0.168 0.132 
0.206 0.158 
0.228 0.170 
0.241 0.175 
0.241 0.164 
0.244 0.157 
0.226 0.128 
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Table 5* Formation constant for nagneslum and dye B 1 
pH 
Cj)t 
xlO"® 
°"Sb 
xlO-® 
[DO 
xlO"® 
[m>*] 
xlO"® xlO"® Log K 
Log K 
pH 
10.00 
11.15 1.77 1.77 0.34 1.43 0.34 6.09 4.94 
11.15 a^ 77 1.77 0.33 1.44 0.33 6.12 4.97 
10.20 2.66 8.88 0.40 2.26 6.62 4.93 4.73 
10.20 2.66 13.30 0.28 2.38 10.90 4.89 4.69 
9.48 2.66 8*88 1.39 1.27 7.61 4.08 4.60 
9.48 2.66 15.30 1.16 1.50 11.80 4.04 4.56 
9.48 2.66 8.88 1.43 1.23 7.65 4.05 4.57 
9.48 2.66 13.30 1.18 1.48 11.80 4.04 4.56 
9.48 2.66 8.88 1.37 1.29 7.59 4.09 4.61 
9.48 2.66 13.30 1.11 1.55 11.75 4.08 4.60 
8.56 2.66 4.44 2.48 0.18 4.26 3 .23 4.67 
8.56 2.66 4.44 2.57 0.09 4.35 2.91 4.35 
3.56 2.66 8.88 2.51 0.15 8.73 2.84 4.28 
8.56 2.66 8.88 2.46 0.20 8.68 2.97 4.41 
8.56 1.77 8 .88 1.63 0.15 8.73 3.02 4.46 
8.56 1.77 13.30 1.60 0.18 13 .12 2.93 4.37 
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Table 6* Log ratio method for calcium and d^ e B 1 
Log [o«++l A 
[0a„D."l [Dt] 
per cent per cent 
r 8^ 1 [c-nP'] 
[D'] 
pH « 11.42 600 millimlerons 
0.000 0.271 0.0 100.0 
-2,956 0.045 85.9 14.1 0.785 
-S.567 0.115 59.3 40.7 0.163 
-3.266 0.077 73.8 26.2 0.450 
-4.266 0.215 21.3 78.7 -0.567 
-3.967 0.186 32.3 67.7 -0.321 
-3.788 0,155 44.1 55.9 -0.103 
-3.664 0.133 52.5 47.5 0.043 
0.008 100.0 0.0 
pH » 11.42 560 millimicrons 
0.000 0.417 0.0 100.0 
-2.956 0.109 85.1 14.9 0.757 
-3.567 0.209 57.5 42.5 0.131 
-3.266 0,150 73.8 26.2 0.450 
-4.266 0.337 22.1 77.9 -0.547 
-3.967 0.300 32.3 67.7 -0.321 
-3.788 0.268 41.2 58.8 -0.154 
-3.664 0.233 50.8 49.2 0.014 
0.055 100.0 0.0 
pH « 10.07 600 mllllffllcrons 
0.000 0.198 0.0 100.0 
-3.090 0,181 11.1 88.9 -0.093 
-2.955 0.175 15.0 85.0 -0.754 
-2.478 0.145 28.1 71.9 —0.408 
-2.256 0.121 50 .3 49.7 0.005 
-1.955 0.092 69.3 30.7 0.354 
-1.654 0.077 79.1 20.9 0.578 
-1.550 0.060 90.2 9.8 0.964 
—1.256 0.059 90.8 9.2 0.994 
0.045 100.0 0.0 
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Table 7* Log K and "n" for calcium and dye B 1 
Wave liog K 
lengtix pH « 10 #00 
pH ma "n" Log K n « 1.00 
11*42 600 1.05 3*86 2*34 
11*42 560 1*03 3.78 2*29 
10.07 600 1.16 2*58 2*16 
concentrated hydrochloric acid. This was cooled to 5^  C« and 
24 g. of sodium nitrite was added slowly over a period of 50 
minutes« keeping the reaction mixture cool by the addition of 
ice* 
The diazotlsed amine was then added to 40 g« of beta 
naphthol (0*3 mole) in 120 ml. of 6 N sodium hydroxide and 
150 ml* of distilled water* After coupling, the dye was pre­
cipitated by the addition of Ijl hydrochloric aoid^  filtered 
and washed with distilled water* The dye was easily crystal"" 
lized tvoBi ethyl alcohol using Norlte A decolorizing charcoal* 
The melting point of the crystalline material was 192-93^  C*, 
reported 192® C * {5)* 
A standard solution of the dye was prepared by dissolving 
0*1173 g* of vaeuum-drled material in 500 ml. of ethyl alco­
hol. The strength of the standard solution was 8*876 x lo"* M* 
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2# !*»( g^ hydrozy-l-bengeneazo) «2»hydroxybengen» 
This dye foms a complex with niagnesium but not with 
calciuai* The color of the conplex and the free dye is almost 
identical^  consequently this dye would not function well as 
an indicator* The absorption spectra for the free dye and 
the magnesiuis complex are shown in Fig* 25* 
The dye exists in three species, depending upon pH. The 
colors of the species aret yellow, yellow*orange and red-
orange* The ionization constants for the dye were determined 
speotro|^ oto»etrioally at 475 milliiaicrons (Table 8, Fig« 26) • 
The values for the ionissation constants are 7»7 and 11»4« 
Table 8* Spectrophotometric data for tibie ionization constants 
of dye B 2 
Absorbancy Absorbancy 
5.15 0.014 
4,86 0.024 
4.50 0.012 
8*94 0.063 
7.11 0.033 
7.79 0.038 
8.16 0.047 
9.71 0.072 
10.10 0.073 
11.88 0*064 
12.20 0.061 
12.81 0.0^  
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The method of contlmoua variations failed to give re­
sults as the absorption spectra of the free dye and the com­
plex are so similar. The log ratio method was then used to 
determine the combining ratio of magnesium to dye and the 
value of the foxmatlon constant for the reaction* This was 
done at a wave length of 480 millimicrons as here the differ­
ence in the absorption spectra of the dye and the complex is 
a maxinuffi* The solutions were buffered and held at a constant 
ionic strength. The slope and intercept were calculated from 
the experimental data by the method of least squares (Table 9, 
Pig. 27). The average combining ratio was found to be 1.00« 
The average log K for a canbining ratio of 1.00 and a of 
10.00 is 4.85 (Table 10). 
To prepare tiie dye, 10 g. of o-nitrophenol were mixed 
with 10 ml. of distilled water and 50 g. of sodium hydroxide 
and warmed to form a melt. The melt was then heated to 180^  
C. for 15 minutes, and then poured into one liter of distilled 
water. The dye was jxrecipitated by the addition of 111 hydro­
chloric acid, filtered and washed with distilled water. Crys­
tals were obtained from ethyl alcohol using Norite A decolor-
iaing charcoal. The bri^ t yellow crystals had a melting 
point of 171.5® C., reported 172® C. (34). 
A standard solution of tiie dye was {prepared by dissolving 
0.0092 g. of vacuum-dried material in 250 ml. of ethyl alco­
hol. The strength of the standard solution was 1.72 x 10"^  M. 
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Table 9« I<og ratio method for magnesium and dye B 2 
Log A 
KnI"] 
per cent 
M 
per cent 
M 
» 9.90 480 mllllmiorons 
0.000 0.421 0.0 100.0 
-4,666 0.451 23.3 76.7 -0.0517 
-4«268 0.500 61.2 38.8 0.198 
••4»122 0.510 69.0 31.0 0.348 
-3.967 0.525 80.6 19.4 0.619 
-3*458 0.541 93.0 7.0 1.124 
—3 #060 0.545 96.1 3.9 1.392 
-4.489 0.468 36.4 63.6 -0.243 
0.550 100.0 0.0 
pH as 9.05 480 millimicrons 
0.000 0.372 0.0 100.0 
-3.967 0.469 49.0 51.0 •0.017 
-S .666 0.502 65.7 34.3 0.282 
-3.157 0.549 89.4 10.6 0.926 
-4.063 0.455 41.9 58.1 -0.142 
-4.365 0.425 26.8 73.2 -0.437 
-4.188 0.440 34.3 65.7 —0.282 
-3.886 0.475 52.0 48.0 0.035 
0.570 100.0 0.0 
pH = 8.98 480 millimicrons 
0.000 0.127 0.0 100.0 
-3.977 0.155 38.9 61.1 -0.196 
-3.666 0.167 55.6 44.4 0.098 
-3 .158 0.188 84.7 15.3 0.743 
-2.760 0.194 93.1 6.9 1.130 
-2.459 0.196 95.8 4.2 1.358 
-1.977 0.197 97.2 2.8 1.540 
-1.666 0.198 98.6 1.4 1.848 
-4.188 0.150 31.9 68.1 —0.330 
0.199 100.0 0.0 
-4.00 -3.00 
LOG [iVIg"^^] 
1.00 
0.50 
LOG 
[iVlgnD'] 
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FIG. 27 LOG RATIO METHOD FOR MAGNESIUM AND DYE B 2 480 mp, pH=9.05 
480 mp, pH= 8.98 
480 m(j, pH=9.90 
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Table 10« Log K aM "n" for magnesium and dye B 2 
Wave Log Z 
length pH s 10*00 
pH "n" X>og K n » 1«00 
8*98 480 0*88 3*40 5*02 
9*05 480 1*08 4.34 4.90 
9.90 480 1*04 4*72 4*63 
3* l- (g-hydr oxyl-ttengeneago 1 *2 . 4*dlhydroxytoengene 
OH OH / \ 
This dye foms soluble complexes with both calcium and 
magnesium* The free dye and the complmces have the same 
absorption maximum at pH 10 (Fig* 28) but there is a visual 
difference in color due to the large difference in extinction 
coefficients and other parts of the absorption spectra* The 
color of the free dye at pH 10 is red, vhile the oc»iplexes 
are yellow* 
The ionization constants for the four species of t^ e dye 
were determined speotroi^ otometrically (Table 11, Fig* 29)* 
Only three color Changes are visible* The colors of the three 
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Table 11• Spectrophotometrie data for the ionization con-
atanta of dye B S 
1^  Absorbanoy pH AbaiMPbanoy 
3*15 0*196 7*83 0*575 
4*02 0*194 8*26 0*560 
4*80 0*209 8*32 0*558 
4*58 0*208 7*15 0*525 
4*53 0*208 12*00 0*473 
5*85 0*249 12*38 0 *440 
6*78 0*446 11*20 0*463 
8*98 0*464 12*62 0*430 
species are yellow« orange and red-orange* The pK values for 
the ionization constants are 6»6, 8*7 and 12«2« 
The log ratio method «as used to determine the combining 
ratios and the formation constem.ts« For magnesium this was 
done at wave lengths of 475 and 520 millimicrons and pH's of 
9«08 and 10*S0» The solutions were buffered and held at con­
stant ionic strength* The slope and the intercept were calcu­
lated by the method of least squares from the experimental 
data (Table 12, Fig. 50)* The average combining ratio was 
1*03 and the average log K for a combining ratio of 1*00 and 
a pH of 10*00 was 3*50 (Table IS}* 
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0.00 
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-4.00 -3.00 -2.00 
LOG[Mg^'^] ^ 520 m^, pH= 9.08 
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A 520 mn, pH=l0.20 
FIG. 30 LOG RATIO METHOD FOR MAGNESIUM AND DYE B 3 o 475 m(j, pH = l0.20 
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Table 12* Log ratio method for magnesium and dye B 5 
Log [Mg^  1 k 
C"8n0*] 
per cent 
[D.] 
per oent 
r T [XSnl'') 
[B'l 
I® « 10.20 520 millimicrons 
0.000 0.414 0.0 100.0 
*4.268 0#S87 13.8 86.2 -0.796 
-3.967 0.361 27.2 72.8 -0.427 
-3.459 0.310 53.3 46.7 0,057 
-3.061 0.268 74.9 25.1 0.475 
-2.760 0.245 86.7 13.5 0,814 
-2.268 0.231 93.8 6.2 1.180 
-1.967 0*225 96.9 3.1 1,495 
0.219 100.0 0.0 
PH » 10.20 475 millimicrons 
0.000 0.458 0.0 100.0 
-4 .268 0.480 14.6 85.4 -0,767 
-3.967 0.499 27.2 72.8 -0,427 
-3.459 0,543 56.3 43.7 0,110 
-3 .061 0.580 80.8 19.2 0.624 
-2.760 0.593 89.4 10.6 0.926 
-2 .268 0.602 95.4 4.6 1,317 
0.609 100.0 0.0 
pH ts 9.08 475 millimicrons 
0.000 0.185 0.0 100.0 
-3.865 0.187 6.7 93.3 -1,097 
-2.804 0.198 46.7 53.3 -0,051 
-2.980 0.195 33.3 66.7 —0,310 
-2.313 0.206 70.0 30.0 0,367 
*2.012 0.210 83.3 16.7 0,688 
-1.711 0.212 90.0 10.0 0,954 
0.215 100.0 0.0 
pH « 9.08 520 millimicrons 
0.000 0.117 0.0 100.0 
-3.865 0.114 7.1 92.9 -1,117 
-2.804 0.099 42.9 57.1 -0,123 
-2.980 0.104 31.0 69.0 -0,348 
-2.313 0.085 76.1 23.9 0,501 
-2.012 0.080 86*1 11.9 0,865 
-1.711 0.077 95.2 4.8 1,279 
0.075 100.0 0.0 
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Table 15* log K and "n" for magnesium and dye B 5 
pH 
Wave 
length 
mp 
«n« Log K 
Log K 
pH » 10,00 
n a 1*00 
10*20 520 0.98 3*46 3*33 
10*20 475 1*07 3*82 3*38 
9*08 475 0*96 2*60 3*67 
9*08 520 1*12 3*11 3*60 
For the reaction of calcium with the dye, the wave 
lengths employed were 490, 500, and 520 millimicrons* The 
solutions were at constant ionic strength and buffered to pH 
values of 10*07 and 11*42* The slope and the intercept were 
calculated by the method of least squares from the experi-
mental data (Table 14, Fig* 31)* The average combining ratio 
was 1*06 and the average log K for a combining ratio of 1*00 
flind a pH of 10*00 was 1*23 (Table 15)* 
To prepare the dye, 35 g* of o-aminophenol (0*3 mole) 
were dissolved in 75 ml* of distilled water and 65 ml* of 
concentrated hydrochloric acid* This was cooled to 5^  C, and 
24 g* of sodium nitrite in 60 ml* of distilled water was added 
slowly over a period of 30 minutes, keeping the reaction mix­
ture cool by the addition of ice* 
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Table 14* Log ratio method for calcium and dye 6 2 
Log [Ca j A per cent per cent [ t") 
pH a 11.42 500 millimicrona 
0.000 0.295 0.0 100.0 
-1,956 0.236 78.7 21.3 0.568 
-2«257 0.253 56.0 44.0 0.105 
"^ 5 *266 0.282 17.3 82.7 -0.680 
-2.956 0.276 25.3 74.7 -0.470 
-2.655 0.268 36.0 64.0 -0.249 
-2.479 0.262 44.0 56.0 -0.105 
.354 0.255 53.3 46.7 0.057 
0.220 100.0 0.0 
pH B 11.42 520 millimicrons 
0.000 0.258 0.0 100.0 
-1.956 0.135 87.9 12.1 0.861 
-2.257 0.154 74.3 25.7 0.461 
-3.266 0.230 20.0 80.0 —0.602 
-2.956 0.214 31.4 68.6 —0.339 
-2.655 0.190 48.6 51.4 —0.024 
•fi.479 0.174 60.0 40.0 0.176 
"2 .354 0.164 67.1 32*9 0.310 
0.118 100.0 0.0 
pH W 10.07 490 millimicrons 
0.000 0.281 0.0 100.0 
-1.081 0.261 43.5 56.5 -0.114 
-1.256 0.265 34.8 65.2 -0.27S 
-1.558 0«S66 32.6 67.4 -0.315 
—1.956 0.271 21.7 78.3 -0.558 
—0.936 0.281 65.2 34.8 0.273 
-0.635 0.251 82.6 17.4 0.676 
0.235 100.0 0.0 
pH « 10.07 520 rallllmlorons 
0.000 0.235 0.0 100.0 
-1.081 0.154 85.3 14.7 0.764 
-1.256 0.174 64.2 35.8 0.254 
-1.558 0.194 43.2 56.8 -0.119 
-1.956 0.211 25.3 74.7 -0.470 
-0.936 0.149 90.5 9.5 0.979 
0.140 100.0 0.0 
OH OH 
-3.00 -2.00 
LOG [Co^"*] 
.00 
FIG. 31 LOG RATIO METHOD FOR CALCIUM AND DYE B 3 
1.00 
- 0.50 
LOG [conD'] 
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- 0.00 
- -0.50 
X 490 mp, pH=10.07 
O 520 mp, pH=l0.07 
• 500 mp, pH= l l . 42  
A 520  mfj ,  pH= l  1 .42 
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Table 15* Log K and "n" for calolxua and dye B 3 
pH 
Wave 
length 
OIU 
"n" Log K 
Log K 
pH a 10*00 
n « 1*00 
11*42 520 1*06 2*85 1*35 
11*42 500 0.88 2*13 0*81 
10*07 490 0*89 1*05 1*10 
10*07 520 1*39 2*14 1*49 
7he diasotlzed amine was then added to 35 g« of resorcin-
ol {0«5 ffiole) in 120 ml* of 6 N sodium hydroxide and 100 ml* 
of distilled water* After coupling, the dye was precipitated 
by the addition of Itl hytirochloric acid, filtered and washed 
with distilled water* Crystalline material was obtained by 
repeated purification with ethyl alcohol and Korite A de* 
colorizing charcoal* The crystals were bright yellow and 
decomposed at 183*84^  C*, reported 184^  0* (35)* 
A standard solution of the dye was prepared by dissolv­
ing 0*0445 g. of vacuum-dried material in 500 ml* of ethyl 
alcohol* The strength of the standard solution was 3*866 
X 10*^  M* 
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4« l«-( a'HBcarboyyl-benzeneago) -g-hydroxynaidithalene 
^OH COOH 
-NN-Q 
This dye forms a complex with laagnesiura but does not 
form a complex with calcium. The complex with magnesium is 
very weak, ttio orders of magnitude less than the corresponding 
o,o'-dihydroxyaao dye» No difference in the color of the 
complex and that of the free dye at pH 10 can be detected 
visually# The absorption spectra of the free dye and the 
complex at 10 are shoim in Fig* 32* 
Only one ionization constant for the dye could be deter» 
mined# The first ionization probably occurs at a very low 
pH and does not seem to have an accompanying color change* 
Attempts to determine the first ionization constant by titrat* 
ing with sodixuD hydroxide failed because of the extreme Insol* 
ubility of the dye« The second ionization constant has a 
of 22 mO* This was determined spectroidiotometrically at 350 
and 485 millimicz>ons (Table 16« Fig* 33)* The aoeompanying 
color change is yellow<»orange to orange* 
The log ratio method was used to determine the combining 
ratio and the formation constant for the reaction of the dye 
with magnesium* This was done at a of 10*10 and wave 
lengths of 350 and 485 millimicrons (Table 17, Fig* 34)* The 
solutions were buffered and held at constant ionic strength* 
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FIG. 34 LOG RATIO METHOD FOR MAGNESIUM AND DYE B 4 
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Table 16# Speotrophotometric data for the ionization constant 
of dye B 4 
Absorbaney Absorbaney 
pH 350 485 bqi 
4.74 0.065 0.535 
7.10 0.056 0.560 
7.80 0.097 0.532 
8.84 0.062 0.597 
11.16 0.071 0.499 
11.80 0.098 0.492 
10.10 0.058 0.548 
12.61 0*135 0.235 
Table 17« Log ratio method for magnesiiut and dye B 4 
Log [Ca J A per cent per cent 
pH « 10.10 350 millimicrona 
0.000 0.047 0.0 100*0 
-1.748 0.078 72.1 27.9 0.412 
—1.924 0.070 53.5 46.5 0.061 
-2.226 0.061 32.6 67.4 -0.315 
-1.527 0*082 81.4 18.6 0.641 
-1« 623 0.079 74.4 25.6 0.462 
0.090 100.0 0*0 
« 10.10 485 laillimierons 
0.000 0.324 0.0 100*0 
-1.748 0.261 69.2 30*8 0.352 
-1.924 0.271 58.2 41*8 0.144 
-2.226 0.291 36.3 63*7 -0.244 
-1,527 0.246 85.7 14.3 0.698 
—1. 623 0.250 81*3 18.7 0*525 
0*233 100.0 0.0 
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The slope and the intercept were calculated hy the method of 
least squsLres ticom the experimental data* The average value 
of the combining ratio was 1.34 and the average log K for a 
combining ratio of 1»00 and a pH of 10*00 was 2#01 (Table 18)» 
Table 18 • K and ''n" for magnesium and dye B 4 
Wave 
"n" 
Log K 
length Log K piB « 10*00 
U)]. n a 1*00 
10*10 350 1*36 2*72 2*00 
10*10 485 1*32 2*67 2*02 
To ppepare the dye, 45 g# of anthranilic acid (0.3 mole) 
were dissolved in 75 ml* of distilled water and 65 ml* of 
concentrated hydrochloric acid* This was cooled to 5® 0* and 
24 g* of sodi\m nitrite dissolved in 60 sd.* of distilled 
water was added slowly over a period of 30 minutes, keeping 
the reaction mixture cool by the addition of ice* 
The diazotlzed amine was then added to 40 g* of beta 
naphthol (0*3 mole) in 120 ml* of distilled water and 120 ml* 
of 6 N sodium hydroxide* After coupling, the dye was precipi* 
tated by the addition of 111 hydrochloric acid, filtered and 
washed witib distilled water* Bri^t red needles were obtained 
from hot butyl alcohol* The crystalline material had a 
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melting point of 273.5-274•5° C«, reported 268® C» {5)» 
A standard solution of the dye was prepared by dissolving 
0.1464 g» of vacuum-drled material in one liter of ethyl alco-
—4 hol* The strength of the standard solution was 5*009 x 10 
M, 
5* l-C 2«'carbo3cy*l'»benzeneago) ••'2''hydrox7-5'»methTlbengene 
cooh OH 
/ s 
This dye f oms weak complexes with bot^ calcium and mag­
nesium. The absorption maxima for the complexes are at longer 
wave lengths than that of tiie dye. This is contrary in be­
havior to the other dyes in this staidy. The absorption 
spectra for the free dye and the complexes at pH 10 are 
a^ own in Fig. 36. 
Again only one ionization constant could be determined 
for the dye. The first ionization probably occurs at a very 
low pH and does not have an accompanying color change. The 
second ionization constant has a pK value of 11*4. This was 
determined spectroidiotometrically at 370 and 450 milllmiorons 
(Table 19, Fig. 36}. The color change for the ionization is 
yellow to orange. 
The log ratio method was used to determine the combining 
ratios and formation constants for the reactions of the dye 
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Table 19• Speotrophotometrlc data for the ionlaation constant 
of dye B 5 
Absorbancy Absorbanoy 
pH 450 mp 370 
4.74 0*117 0*323 
8.84 0*127 0*314 
0*95 0*142 0*315 
3*04 0*134 0*317 
7*10 0*114 0*322 
10*10 0*138 0.310 
10*95 0*163 0*293 
11*81 0*350 0*128 
12.20 0*356 0*117 
with both calcium and magneslvua* For both metals this was 
cone at a pH of 10*10 and wave lengths of 375 and 465 mllll-
raicrons (Tables 20, 21; Fig* 37^ 38)* The solutions were 
buffered and held at a constant ionic strength of 0*1 with 
potassium chloride* The slopes and intercepts were calculated 
by the method of least squares from the experimental data* 
The average combining ratio for calcium was 1*19 and t^at for 
magnesium 1*15 (Tables 22» 23)• The average log K for a com­
bining ratio of 1*00 and a pH of 10*00 was 1*39 for calcium 
and 2*39 for magnesium* 
This dye would not function well as an indicator as the 
color change is almost imperceptible to the human eye* 
To prepare the dye, 45 g* of anthranilic acid (0«3 mole) 
were dissolved in 75 ml* of distilled water and 65 ml* of 
concentrated hydrochloric acid* This was cooled to 5® C. and 
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Table 20* Log ratio method for magnesium and dye B 5 
r 1 t®'"! tlte ^ 1 
Log [Mg'*"*'] A per cent per cent 
pH « 10 ao 375 rallllinierona 
OtOOO 0.194 0.0 100.0 
*1«^24 0.094 80.6 19.4 0.619 
••1*623 0.080 91.9 8.1 1.055 
"•1« 44V 0.076 95.2 4.8 1.297 
-2»225 0.112 66.1 33.9 0.290 
**8 • 323 0.140 43.6 56.4 •*0.112 
-2*924 0.164 24.2 75.8 •^ .490 
-3»459 0.188 4.8 95.2 -1.301 
*061 0.172 17.7 82.3 -0.668 
0.070 100.0 0.0 
pH « 10.10 465 millimicrons 
0.000 0.140 0.0 100.0 
-1.924 0.278 78.9 21.1 0.573 
-1#623 0.294 88.0 12.0 0.865 
-1#447 0.300 91.4 8.6 1.027 
-2.225 0.253 64.6 35.4 0 .261 
-2.623 0.210 40.0 60.0 -0.176 
-2.924 0.178 21.7 78,3 -0.558 
-3.459 0.152 6.9 93.1 -1.131 
-3.061 0.177 21.1 78.9 -0.573 
0.315 100.0 0.0 
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Table 21» Log ratio method for calcium and dye B 5 
Log [ca'*' 1 A 
["enB'l 
per cent 
b'l 
per cent 
i«g 
tc'l 
pH « 10.10 375 millimicrons 
O.OOO 0.194 0.0 100.0 
••0»936 0.117 81.9 18.1 0.656 
-1.257 0.135 62.8 37,2 0.227 
-1.956 0.176 19.2 80.8 -0.623 
-0.635 0.106 93.6 6.4 1.165 
-2.257 0.182 12.8 87.2 —0.833 
-1.780 0.172 23.4 76.6 -0.515 
0.100 100.0 0.0 
pH « 10.10 465 millimicrons 
0.000 0.140 0.0 100.0 
-0.936 0.219 79.0 21.0 0.575 
-1.237 0.202 62.0 38.0 0.213 
—1.956 0.161 21.0 79.0 -0.585 
—0.635 0.231 91.0 9.0 1.005 
-2*257 0.153 13.0 87.0 -0.827 
-1.780 0.167 27.0 73.0 —0.432 
0.240 100.0 0.0 
Table 22* Log K and "n" for magnesium and dye B 5 
pH 
Wave 
length "n« Log K 
Log K 
pH « 10.00 
n as 1.00 
10.10 37 5 1.23 3.06 2.41 
10 .10 465 1.06 2.60 2.36 
OH COOH 
1.00 
— 0.50 
0.00 
LOG Cd'] 
-0.50 
-3.00 -2.00 
LOG 
FIG. 37 LOG RATIO METHOD FOR MAGNESIUM AND DYE B 5 
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FIG. 38 LOG RATIO METHOD FOR CALCIUM AND DYE B 5 
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Table 25. Log K and "n" for calcium and dye B 5 
Wave Log K 
pH length "n" Log K pH « 10,00 
n « 1*00 
10.10 575 1.25 1.85 1.40 
10.10 465 1.14 1.66 1.57 
24 g. of aoditua nitrite In 60 nl. of dlatilled water was added 
slowly over a period of 30 minutes, keeping the reaction mix­
ture cool by the addition of ice. 
^he diazotlsed amine was then added to 35 ml. of p-cresol 
(0.5 mole) in 120 ml. of 6 N sodium hydroxide and 100 ml. of 
distilled water. Coupling was allowed to proceed for an hour 
and then the dye was precipitated with Isl hydrochloric acid, 
filtered and washed with distilled water. Large, bright red 
crystals were easily obtained from ethyl alcohol using Norlte 
A decolorizing charcoal. The melting point of the crystalline 
material was 195^ 0., reported 186® C. (5). 
A standard solution of the dye was prepared by dis­
solving 0.2246 g. of vacuum-dried material In one liter of 
ethyl alcohol. The strength of the standard solution was 
8.765 X 10*^  M. 
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6» l-( 2.4*dlhydroxy*l*benzeneazo) •>2'''hydroxy-5-phenylbenzen» 
This dye forms complexes with both calcium and magnesiiim* 
The strength of the complexes formed is the same order of 
magnitude as the complexes of l-( 2-hydroxy-l-benzene*>2jr4<-
dihydroxybenzene• The color change and absorption spectra 
for both dyes and their complexes are also very similar* The 
absorption spectra of this dye and its calcium and magnesium 
complexes at pH 10 are shown in Fig* 39* The complexes are 
yellow while the free dye is red. This dye would be a satis­
factory indicator, but no better than l«(2-hydroxy-l-benzene«-
azo)-2«4*dihydroxybenzene, whidti is easier to prepare and 
purify• 
The ionization constants for the four si>ecie8 of the dye 
were determined spectrophotometrically. The first pK was 
determined at a wave length of 425 millimicrons and the last 
two at 500 millimicrons (Table 24, Fig* 40)* The color 
changes for the various species are yellow to yellow-orange 
to red to red-orange* 
The combining ratios and formation constants were deter­
mined by the log ratio method* For magnesium this was done 
at a pH of 10*10 and wave lengths of 480, 490 euad 500 milli­
microns (Tables 25, 26, Pig* 41)* For calcium this was done 
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Table 24» Spectroji^otometric data for Ionization constants 
of dye B 6 
Absorbanoy Absorbanoy 
pH 425 500 
4*74 0.525 0.245 
6*42 0*570 0.241 
7*10 0.671 0*329 
7*80 0*684 0.429 
8*84 0.745 
9.50 0*796 
10*10 0*801 
10*92 0*812 
11*79 0.879 
12*20 0*898 
at a pH of 10«10 and wave lengths of 5£0, 530^ 540 and 550 
millimicrons (Table 27, Fig, 42). The solutions were buffered 
and held at a constant ionic strength of 0*1 with potassium 
chloride. The average combining ratio for magnesium was 1*03 
and for calcium, 1«13« The average log K for magnesium was 
3»68 and for calcium, 1«68, for a combining ratio of 1*00 and 
a of 10#00« The slopes and intercepts were calculated by 
the method of least squares* All four calcium runs were 
averaged in at one time using the method of least squares* 
To prepare the dye, 11 g* of 2-amino-4-phenylphenol 
(0*04 mole) were dissolved in 15 ml* of concentrated hydro­
chloric acid and 20 ml* of distilled water* This was cooled 
to 5^ C* and 4 g* of sodium nitrite in 20 ml* of distilled 
water was added slowly over a period of 30 minutes, keeping 
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Table 25# Log ratio method for magnesltiai and dye B 6 
I»og 
r I®'] Imj'] 
Log [Ca j A per cent per cent 
pH « 10.10 480 millimibrons 
0.000 0.323 0.0 100.0 
-4*225 0.353 25*9 74*1 -0.456 
•3 *924 0*368 ^8*8 61*2 -0*198 
-3 ,748 0.379 48*3 51*7 -0.030 
-3.623 0*386 54*3 45.7 0.075 
-3.527 0.390 57*8 42*2 0*137 
-3*457 0.399 65*5 34*5 0*279 
-3.459 0.399 65.5 34*5 0*279 
-3.283 0.411 75*9 24*1 0*498 
-3.158 0.420 83*6 16*4 0*707 
0.438 100*0 0.0 
pH » 10.10 to
 
o
 
millimicrons 
0.000 0.334 0*0 100.0 
—4.225 0.367 28*4 71.6 -0*401 
—3.924 0.381 40*5 59.5 -0*167 
-3.748 0.392 50*0 50.0 0*000 
-3.623 0.400 56*9 43.1 0*120 
-3.527 0.404 60*3 39.7 0*182 
-5.457 0 .414 69*0 31.0 0*348 
-3.459 0.412 67*2 32.8 0*312 
—3.283 0*425 78*4 21.6 0*560 
-3.158 0*431 83*6 16.4 0*707 
0*450 100*0 0.0 
pH » 10*10 500 milllmicrona 
0.000 0*340 0*0 100.0 
-4 .225 0*370 31*3 68.7 -0*341 
-3.924 0.381 42*7 57.3 -0*128 
-3.748 0.390 52*1 47.9 0*037 
-3.623 0.396 58*3 41.7 0*146 
-3.527 0.398 60*4 39.6 0.183 
-3.457 0.406 68*8 31.2 0.343 
-3.459 0*406 68*8 31.2 0*343 
-3.283 0.415 78*1 21*9 0*552 
-3.158 0.421 84*4 15.6 0*733 
0 .434 100*0 0.0 
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Table S6f Log E and "n" for magnesium and dye B 6 
pH 
Wave 
length 
ma. 
"n" Log K 
Log K 
pR « 10 
n = 1*< 
10*10 430 1*06 3*95 3*65 
10*10 490 1*04 3*94 3*69 
10*10 500 0*99 3*79 3*73 
the reaction mixture cool by the addition of Ice* 
The dlazotlzed amine was then added to 5 g» of resca>eln«> 
ol (0*04 mole) In 50 ml. of 5 N sodium hydroxide and 100 ml* 
of distilled water* After coupling, the dye was precipitated 
by the addition of 111 hydrochloric acid, filtered and washed 
wltto distilled water* The dye was rather difficult to purify* 
anall orange-red crystals were obtained from benzene using 
Norlte A decolorizing (^arcoal* The crystals had a melting 
point of 123*5® C* This dye could not be located In the 
literature* 
The starting materials used In this preparation were 
crystalline* Both were obtained from tiie Distillation Prod­
ucts Division of Eastman Kodak* 
A atandard solution of the dye was prepared by dissolving 
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<^able Log ratio method for calcium and dye B 6 
TTi Ki"] Fi [i^ D.i 
Log [Ca J A per cent per cent [pt]' 
pH a 10.10 520 millimicrons 
0.000 0.321 0.0 100.0 
-0.760 0.209 89.6 10.4 0.935 
••0.936 0.211 88.0 12.0 0.865 
-1.257 0.226 76.0 24.0 0.501 
-1.956 0.276 34.4 65.6 —0.281 
0.196 100.0 0.0 
« 10.10 530 millimicrons 
0.000 0.300 0.0 100.0 
-0.760 0.179 91.0 9.0 1.005 
-0 »936 0.180 90.2 9.8 0.964 
-1.237 0.195 78.9 21.1 0.501 
-1*956 0.252 36.1 63.9 -0.281 
0.167 100.0 0.0 
pH s 10.10 540 millimicrons 
0.000 0.270 0.0 100.0 
-0.760 0.146 93.2 6.8 1.137 
-0.936 0.148 91.7 8.3 1.043 
-1.237 0.161 82.0 18.0 0.659 
-1.956 0.219 38.3 61.7 -0.207 
0.137 100.0 0.0 
pH « 10.10 550 millimicrons 
0.000 0.234 0.0 100.0 
-0.760 0.121 94.2 5.8 1.211 
-0.936 0.121 94.2 5.8 1.211 
-1.237 0.133 84.2 15.8 0.727 
-1.956 0.186 40.0 60.0 -0.176 
0.114 100.0 0.0 
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0«2540 s« of vacuum-dried material in 500 ml# of ethyl alco­
hol* The strength of the standard solution was 1»658 x 
10*^ m, 
7» l-C g-hydroacy-l-naishthylagQ) ^g-hydroxy-S-i^enylbenzene 
This dye forms complexes with both calcium and magnesi­
tus* The dye is very insoluble, precipitating in a few minutes 
at a pH of 10. The addition of acetone, 20 per cent by vol­
ume, was found to be sufficient to keep the dye in solution* 
Upon addition of acetone, the color of the free dye changed 
from purple to a clear blue (Pig* 43)* The calcium and mag­
nesium complexes are red at a pH of 10 and their absorption 
spectra do not change with the addition of acetone. The 
absorption spectra for the free dye and the complexes in 
aqueous solution at 10 are shown in Fig* 44* 
The ionization constants for the dye were determined 
spectroi^otometrically at a wave length of 600 millimicrons* 
The pK values for the constants are 8*0 and 11*8 (Table 28, 
Pig* 45)* The corresponding color changes are: red to pwrple 
to blue* 
The combining ratio for the reaction of the dye with 
magnesium was determined by the method of continuous varia-
OH OH 
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Table 28« Spectrophotometrlc data for Ionization conatants 
of dye B 7 
Absorbancy Absorbancy 
pH 600 pH 600 Of. 
4*74 0.017 8*84 0*050 
6*42 0*020 10*10 0*065 
7*10 0*019 11*50 0*076 
7*80 0*029 12*20 0*128 
8*57 0*048 
tions* This was done in the absence of acetone (Table 29, 
Fig, 46) and the ratio was found to be Isl* When the solu* 
tion contained 20 per cent acetone (Table 30, Pig# 47) a 2sl 
complex was foxi&ed* 
The formation constant for the reaction was determined 
in the absence of acetone (Table 31)« The values are very 
scattered, due to the insolubility of the dye. The average 
log K for the reaction of the dye with magnesium at a pH of 
10*00 was 4»29« 
The combining ratio and the formation constant for the 
reaction of calcium with the dye was determined by the log 
ratio method# This was done without acetone present, in buf­
fered solutions and held at a constant ionic strength of 0«1 
with potassium chloride* The reaction was studied at a pH 
of 10*10 and wave lengths of 575 and 600 millimicrons (Table 
32, Pig* 48)* The results for calcium were rather poor, due 
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Table 29• Continuoua variations for dye B 7« 20 per cent 
acetone 
(pH « 10»10 Ionic strength « 0»1) 
Dye Abaorbanoy 
per cent 500 &10 57^ 600 
10,0 0,018 0,020 0.009 0.004 
20,0 0,031 0 ,034 0.016 0.010 
30,0 0,043 
0 ,054 
0,046 0.023 0.017 
40,0 0.Q59 0.031 0.025 
50.0 0.065 0.070 0.042 0.035 
60.0 0.075 0.080 0.054 0.047 
65.0 0.079 0.086 0.059 0.051 
70.0 0.083 0.090 0.069 0.061 
80.0 0.087 0.096 0.087 0.080 
90 .0 0.085 0,095 0.115 0.109 
100.0 0.083 0.095 0.150 0.145 
Table 30* Continuoua variations for dye B 7« No acetone 
(pH B lo«10 Ionic strength « 0*1) 
Dye Abaorbancy 
per cent 500 slo 57 ^  66o 
0.0 0.000 0.000 0.000 0.000 
10.0 0.011 0.012 0.009 0.005 
20.0 0*024 0,026 0.017 0.013 
30.0 0.035 0.036 0.024 0.018 
40.0 0.045 0.048 0.033 0.023 
50.0 0.057 0,062 0.044 0.030 
60.0 0.063 0.069 0.056 0.040 
70.0 0.072 0.079 0.070 0.050 
80.0 0.079 0.087 0.080 0.058 
90.0 0.079 0.086 0,088 0.065 
100.0 0.088 0.097 0.105 0.078 
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Table 31« Formation constant for magnealum and dy© B 7 
(pH s 10»10 Ionic strength « 0«1) 
c 
Kr XlO ® XlO ® XlO-® 
[MgD*l 
- —*»s XlO xlO Loa K 
1*098 9.886 0.394 0.704 9.182 4.29 
2.197 8.787 0.367 1.830 6.957 4.86 
3.S9& 7.689 0.761 2.534 5.155 4.81 
4.594 6.590 1.156 3. 238 3 .352 4.79 
S«492 5.498 1.269 4.223 1.269 5.42 
13.730 13.730 7.070 6.660 7.070 4.12 
13.730 27.460 4 .350 9.380 18.080 4.08 
13.730 8.240 10.320 3.410 4.830 3 .84 
13.730 13.730 7.080 6.650 7.080 4.12 
13.730 27.460 4.230 9.500 17.960 4.10 
13.730 8.240 10.260 3.470 4.770 3.85 
Table 32* I^ g ratio method for calcium and dye B 7 
["8nO'] Fi So 
[O. J A p» e.nt p.r cnt 
pH » 10.10 600 millimicrons 
0.000 0.076 0.0 100.0 
1.956 0.060 32.0 68.0 -0.327 
•1.780 0.049 54.0 46.0 0.070 
-1.635 0.046 60.0 40.0 0.176 
'1.842 0.056 40.0 60.0 -0.176 
•2.053 0.064 24.0 76.0 -0.500 
0.026 100.0 0.0 
pH « 10.10 575 railliniorona 
0.000 0.105 0.0 100.0 
-1.956 0.074 50.8 49.2 0.014 
-2.258 0.091 23.0 77.0 -0.524 
-1.780 0.066 63.9 36.1 0.248 
-1.635 0.061 72.1 27.9 0.412 
-1.842 0.072 54.1 45.9 0.072 
-2.053 0.084 34.4 65.6 -0.281 
0.044 100.0 0.0 
0. 150 — 
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to the inaolubillty of the dye (Table 33)• The average com­
bining ratio was 1.39 and the log of the formation constant 
for a combining ratio of 1*00 and a pH of 10*00 was 1*75• The 
slope and intercept were calculated by the method of least 
squares• 
Table 33• Log K and "n" for calcium and dye B 7 
pH 
Wave 
length "n" Log K 
Log K 
pH " 10*00 
n a 1*00 
10*10 600 1*46 2*55 1*65 
10*10 575 1*31 2*55 1*85 
This dye would function very well as an Indicator In the 
presence of acetone. It la no better than l-(2»hydroxy*l-
benzeneazo}*2'»hydroxynaphthalene, which is the same dye except 
for the i^ enyl in the five position* The color dianges and 
the formation constants for the two dyes are very similar* 
To p:'epare the dye, 6 g* of 2-amlno-4-phenyl|^ enol (0*02 
mole) were dissolved in 8 ml* of concentrated hydrochloric 
add and SO ml* of distilled water* This was cooled to 5^  C* 
and 2 g* of sodium nitrite in 10 ml* of distilled water was 
added slowly over a period of 30 minutes, keeping the reaction 
mixture cool by the addition of ice* 
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The dlazotlzed amine was then added to 3 g* of beta 
naphthol (0«02 mole) in 25 ml• of 5 N sodixua hydroxide and 
50 ml. of distilled water# After coupling, the dye was pre­
cipitated by the addition of 111 hydrochloric acid, filtered 
and washed with distilled water* &aall red cyrstals were 
obtained after pirlfication with benzene using Norite A 
decolorizing charcoal* The crystalline material started to 
decompose about 155® C, and melted at 191-95® C, This dye 
could not be located in the literature. 
The starting materials used in this preparation were 
crystalline* The 2-amino-4-phenylxdienol was obtained fr<Ha 
the Distillation Products Division of Eastman Kodak* The beta 
nai^ thol was obtained from the J* T. Baker chemical company* 
A standard solution of t±ie dye was prepared by dissolving 
0.2337 g* of vacuum-dried material in 250 ml* of ethyl alco­
hol* The strength of the standard solution was 2*746 x 10**® 
M. 
2-(2-hMrox7-l-benzenefl zo)-8-amino-l-naphthol-3.6-
disulfonic acid 
MHj OH 9^  
N N 
SC^ H SO3H 
This dye forms complexes witii both calcium and magnesium* 
The color of the free dye at a pH of 10 is blue utolle the 
X07 
oomplexea are red. Th® absorption spectra for tiie free dye 
and the cosiplexea at pH 10 are shown in Fig* 49* 
!Fhe ionization conatants for the dye were determined 
spectrophotometrically at a wave length of 575 milliraicrona. 
fhe color changes are: red to blue to parpie, The pK values 
for the corresponding color change are 8«4 and 11»9 (Table 34, 
Fig. 50). 
The combining ratios and formation constants for the red­
actions of the dye vith calcium and magnesium were determined 
by the log ratio method. For both metals this was done at 
wave lengths of 560 and 590 millimicrons and a pH of 10*10 
(Tables 35, 36, 37« 38; Fig. 51, 52}• The solutions were 
buffered and held at a constant ionic strength of 0.1 wi-titi 
potassium chloride. The slopes euad intercepts were calculated 
by the method of least squares# The average combining ratio 
for magnesium was 0.95 and for calcium, 1.01. The average log 
of the formation constant for a combining ratio of 1.00 and a 
Table 34. Spectrophotometric data for ionization constants 
of dye B 8 
pH Absorbancy 575 nji pH 
Absorbancy 
575 fflu 
4.74 0.093 10.10 0.133 
7.10 0.102 11.69 0.124 
7.80 0.108 12.10 0.114 
8.84 0.127 12.52 0.092 
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Table 35* X«og ratio method for magnesium and dye B 8 
Log [iSg"^  1 A per cent 
[D'1 
per cent 
Log 
[D'l 
pH a 10.10 520 mllllmierona 
0.000 0.171 0.0 100.0 
-3.924 0.230 52.2 47.8 0.038 
"4*225 0.210 34.5 65.5 -0.278 
-S.748 0.237 58 .4 41.6 0.147 
-3.623 0.246 66.4 33.6 0.296 
-4.447 0.199 24.8 75.2 -0.481 
-3,811 0.234 55.8 44.2 0.101 
0.284 100.0 0.0 
pH « 10.10 580 millimicrons 
0.000 0.281 0.0 100.0 
-3.924 0.206 49.3 50.7 —0.012 
-4 .225 0.234 30.9 69.1 -0.350 
-3.748 0.196 55.9 44.1 0.103 
-3.623 0.182 65.1 34.9 0.271 
—4.447 0.246 23.0 77.0 —0.524 
-3.811 0.198 54.6 45.4 0.080 
0.129 100.0 0.0 
pH s 10.10 590 millimicrons 
0.000 0.277 0.0 100.0 
-3.924 0.177 50.0 50.0 0.000 
-4.225 0.213 32.0 68.0 -0.327 
-3.748 0.164 56.5 43.5 0.114 
-3.623 0.142 67.5 32.5 0.317 
-4.447 0.228 24.5 75.5 -0.488 
-3.811 0.165 56.0 44.0 0.105 
0.077 100.0 0.0 
Table 36* Log K and "n" for magnesium and dye B 8 
pH 
Wave 
length 
091 
«n« Log K 
Log K 
pB » 10.00 
n s l«00 
10.10 520 0.93 3.65 3.82 
10.10 580 0.96 3.73 3.79 
10.10 590 0.96 3.76 3.82 
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Table 37• Log ratio method for calcium and dye B 8 
I«og [Ca J A per cent per cent • [-Qtl 
pH s 10.10 520 millimicrone 
0.000 0.171 0.0 100.0 
-2.257 0.221 78.1 21.9 0*552 
-1.956 0.229 90.6 9.4 0.984 
-2.479 0.211 62.5 37.5 0.222 
-2.956 0.198 42.2 57.8 -0.137 
-3.266 0.185 21.9 78.1 -0.553 
0.235 100.0 0.0 
pH « 10.10 580 millimicrona 
0.000 0.281 0.0 100.0 
-2.257 0.167 68.7 31.3 0.341 
-1*956 0.146 81.3 18.7 0.638 
-2.479 0.190 54.8 45.2 0.084 
—2*956 0.235 27.7 62.3 —0.352 
-3.266 0.256 15.1 84.9 -0.750 
0.115 100.0 0.0 
pE « 10.10 590 millimiczK)na 
0.000 0.277 0.0 100.0 
-2.257 0.141 69.4 30.6 0.356 
-1.956 0.117 81.6 18.4 0.647 
-2.479 0.164 57.7 42.3 0.135 
—2.956 0.220 29.1 70.9 -0.387 
-3.266 0.246 15.8 84.2 -0.726 
0.081 100.0 0.0 
Table 38* Log E and "n" for oalcium and dye B 8 
pH 
Wave 
length 
Bip. 
"n" Log E 
o
 
to 
10.10 520 1.04 2.84 2.63 
10.10 580 0.98 2.48 2.43 
10.10 590 1.00 2.54 2.44 
110 
OH 
0.240 -
0.200 
MgD' 0.160 
HD~ S 0. 120 
CaD 
0.080 
0.040 
450 500 5 50 600 650 
WAVE LENGTH (MILLIMICRONS) 
FIG. 49 CALCIUM AND MAGNESIUM COMPLEXES OF DYE B 8 
OH 
NN 
0.130 
0.120 
>• 
o 
z 
pK, =8.4 
< 
CD tr 
i O.IIO 
< 
0.100 
13.0 12.0 8.0 90 10.0 II.0 7.0 
PH 
FIG. 50 IONIZATION CONSTANTS FOR DYE B 8 
NHo OH 
HO.S SO,H 
•4.00 -3.00 
LOG [Mg++] 
-  1 . 0 0  
-0.50 
LOG 
[M9nP'] 
[^ •] 
1.00 
--0.50 
pH =10.10 
X 520 mp 
O 580 m^ j 
• 590 mp 
FIG 51 LOG RATIO METHOD FOR MAGNESIUM AND DYE B 8 
NHg OH OH 
HO.S^ '^ S^O.H 
/ 
.00 
0.50 
LOG 
(CO„ d ]  
P] 
•0.00 
-0.50 
-3.00 -2.00 
LOG [ca"^"^] 
FIG. 52 LOG RATIO METHOD FOR CALCIUM DYE B 8 
pH = 10.10 
A 520 mjj 
X 580 mp 
o 590 mp 
114 
pH of 10*00 was 3*81 for magnesium and 2*50 for calcium* 
The dye functions very well as an indicator "but would 
be impractical because of the extreme difficulty in purifi­
cation* 
This dye was prepared by the method of Hartwell and 
Pieser (56)• Eleven of o-aminophenol (O.l mole) were dis­
solved in 40 ml* of concentrated hydrochloric acid and 100 
ml* of distilled water* This was cooled to 5^  C* and 7 g* of 
sodium nitrite in 50 ml* of distilled water was added slowly 
over a period of 30 minutes, keeping the reaction mixture cool 
by the addition of ice* 
Party-one g. of 8-amino-l-naphtliDl-3,6-dlsulfonic acid 
(0*1 mole) were dissolved in 300 ml* of distilled water con­
taining 4 g* of sodium hydroxide* This was kept below 20^  C« 
by the addition of ice* lainedlately before coupling, 16 g* 
of sodium carbonate were added and then the diazotized amine 
was quickly added* The reaction mixture was kept cold by 
title addition of ice and stirred for three hours as coupling 
takes place slowly* After coupling, the mixture was heated 
to 85^  C*, 15 g* of Norite A decolorizing charcoal added, 
stirred for 15 minutes and then filtered* The filtrate was 
then heated to 85^  again and 300 g* of anhydrous sodium 
acetate were added* The dye was salted out, filtered, redis-
solved in 500 ml* of distilled water, and salted out again* 
The dye was extracted repeatedly with boiling ethyl alcohol* 
Many attempts to obtain crystalline material were unsuccess­
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ful* The solid dye is a deep blue-blaok color and haa no 
melting point* The dye Is extremely soluble in water at any 
pH> The dye is not ve3*y stable in aqueoas or non-aqueous 
solutions* 
The crude dye» a mixture of salt and dye, functions 
very well as an indicator• The purified material shows no 
improvement in indicator properties* 
g-( 2*»teydro3cy-l-bengeneago) -e-amino-l-naphthol-S.?-
This dye forms soluble complexes with both calcium and 
magnesium* The color of the free dye at a pH of 10 is purple 
and the complexes red* The absorption spectra for the dye 
and the complexes at pH 10 are shonn in Fig. 53* 
The ionization constants for the dye were determined 
spectrophotometrically at a wave length of 500 millimicrons* 
The color changes are from red to purple to yellow* The pK 
values for the ionizations were 7*4 and 11*6 (Table 39, Fig* 
54). 
The combining ratios and formation constants for the 
reactions of t&e dye with calcium and magnesium were deter* 
mined by the log ratio method. The solutions were buffered 
disulfonic acid 
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Table 39. Speotrophotometric data for Ionization constants 
of dye B 9 
» Absorbancy „ Absorbanoy 
PB 600 »>> P® 600 IV 
4.74 0.173 10.71 0.148 
7.05 0.165 11.42 0.164 
7.80 0.146 11.94 0.184 
8.82 0.140 12.40 0.185 
10.10 0.145 
and held at a constant Ionic strength of 0.1 with potasslun 
chloride. For magnesium the data were obtained at a of 
10.10 and wave lengths of 510530 and 590 millimicrons 
(Tables 40^  41 * Fig. 55). The average combining ratio was 
1.16 and the log of the formation constant for a combining 
ratio of 1.00 and a pH of 10.00 was 4.50. The slopes and 
intercepts were calculated by the method of least squares. 
The data for calcium were obtained at a pH of 10.10 and 
wave lengths of 500, 550 and 575 millimicrons. The separate 
runs for calcium were averaged together in one least squares 
treatment {Table 42, Pig. 56). The combining ratio for cal­
cium was 0.96 and the log of the formation constant for a 
combining ratio of 1.00 and a pH of 10.00 was 3.OS. 
This dye functions quite well as an indicator but has 
serious drawbacks in that it la very unstable and difficult 
to purify. The dye decomposes readily in any type of 
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Table 40. Log ratio method tor magnealuia and dye B 9 
Log [Mg"*" n A ["SnD'l per cent [D-l per cent [ngnl''] [E'l 
pH « 10.10 510 milllmicrona 
0.000 0.181 0.0 100.0 
.3*924 0.243 87.3 12.7 0.837 
•-4 *225 0.232 71.8 28.2 0.406 
-4.332 0.227 64.8 35.2 0.265 
-4.447 0*222 57.7 42.3 0.135 
-4.623 0.215 47.9 52.1 -0.037 
-4.924 0.204 32.4 67.6 •0.320 
0.252 100.0 0.0 
pH « 10.10 530 millimiorons 
0.000 0.214 0.0 100.0 
-3.924 0.264 89.5 10.7 0.921 
-4.225 0.254 71.4 28.6 0.397 
-4.332 0.251 66.1 33.9 0.290 
•4.447 0.245 55.4 44.6 0.094 
-4.623 0.240 46.4 53.6 -0.071 
-4.924 0.230 28.6 71.4 -0.397 
0.270 100.0 0.0 
pH a 10.10 590 lalllimlGrons 
0.000 0.157 0.0 100.0 
—3.924 0.056 84.9 15.1 0.750 
-4.225 0.069 73.9 26.1 0.452 
-4.332 0.075 68.9 31.1 0.345 
-4.447 0.083 62.2 37.8 0.216 
-4.623 0.093 53.8 46.2 0.066 
-4.924 0.116 34.5 65.5 -0.278 
0.038 100.0 0.0 
Table 41* Log K and "n" for magnealuia and dye B 9 
pH 
Wave 
length "n" Log E 
Log K 
pH « 10.00 
n « 1.00 
10.10 510 1.15 5.28 4.49 
10.10 530 1.30 5 .93 4.46 
10.10 590 1.02 4.75 4,55 
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Table 42* Log ratio method for calcium and dye B 9 
r 
Log j A per cent per cent r 
pH « 10.10 500 mllllmicrona 
0.000 0.159 0.0 100.0 
-2.257 0.204 91.8 8.2 1.049 
-3 ,567 0.176 34.7 65.3 -0.275 
*266 0.184 51.0 49.0 0.017 
-3.090 0.190 63.3 36.7 0.237 
-2.965 0.192 67.3 32.7 0.313 
-2.868 0.195 73.5 26.5 0.443 
0.208 100.0 0.0 
pH m 10•10 550 mllllmicrona 
0.000 0.223 0.0 100.0 
-2.257 0 .180 82.7 17.3 0.679 
-3.567 0.209 26.9 70.1 -0.416 
—3.226 0.202 40.4 59.6 -0.169 
-3.090 0.199 46.2 53.8 -0.066 
-2.965 0.195 53.8 46.2 0.066 
-2.868 0.192 59.6 40.4 0.169 
0.171 100.0 0.0 
pH St 10.10 575 mllllmicrona 
0.000 0.182 0.0 100.0 
-2 .257 0.080 90.3 9.7 0.969 
-3.567 0.147 31,0 69.0 -0.348 
-3.226 0.131 45.1 54.9 -0.086 
-3 .090 0.119 55.8 44.2 0.101 
-2.965 0.113 61.1 38.9 0.196 
-2.868 0.104 69.0 31.0 0.348 
0.069 100.0 0.0 
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LOG 
0.50 
-^0.00 
LOG 
HnP'] 
&•] 
pH = 10.10 
X 510 
'H 
o 530 mju 
A 590 mp 
FIG. 55 LOG RATIO METHOD FOR MAGNESIUM AND DYE B 9. 
NHg OH 
HO,S 
HO,S 
- 3 0 0  
LOG [ca"^^] 
-2.00 
LOG 
[c°nD'] 
[D'l 
pH = 10.10 
A 500 mju 
X 550 mp 
O 575 mju 
FIG. 56 LOG RATIO METHOD FOR CALCIUM AND DYE B 9 
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solution* The solid material decomposes slowly after purifi­
cation* 
This dye waa prepared by the method of Hartwell and 
Fieser (36)* Eleven g* of o-amino£^ enol (0«1 mole) were dis-> 
solved in 40 ml* of concentrated hydrochloric acid and 100 ml* 
of distilled water* This was cooled to 5® C* and 7 g* of 
sodium nitrite in 50 ml* of distilled water was added slowly 
over a period of 30 minutes^  keeping the reaction mixture 
cool by the addition of iee* 
Forty-one g* of 8-amino-l-naphthol-5,7-disulfonic acid 
were dissolved in 300 ml* of distilled water containing 4 g* 
of sodium hydroxide* This was kept below 20® C, by the addi­
tion of ioe* Xfflmediately before coupling, 16 g* of sodium 
carbonate were added and then the diazotized amine was quickly 
added* The mixture was kept cold and stirred for three hours* 
It was then heated to 85° C*, 16 g* of Norite A decolorizing 
charcoal added, stirred for 15 minutes and filtered* It was 
heated to 85° C* again cuid 300 g* of anhydrous sodium acetate 
added* The dye was salted out, filtered, redissolved in 500 
ml* of distilled water and salted out again* The dye was 
extracted repeatedly with boiling ethyl alcohol* Attempts to 
obtain crystalline material were unsuccessful. The solid dye 
is a blue-black color and has no melting point* The dye is 
extremely soluble in water at any jjH* 
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IV. SUMMARY 
A aeries of azo dyes has been prepared to determine what 
type of a structure Is needed for the formation of complexes 
with calcium and magnesium* The dyes selected were purpos ely 
simple in diaracter to facilitate purification and to render 
unambiguous the interpretation of results* The dyes were all 
carefully purified and the majority of them were obtained in 
crystalline form* Absorption spectra of the dyes and of their 
calcium and magnesium complexes were obtained* Where com* 
plexes were forto^ d, the nature of the complexes and their 
formation constants were determined* 
It was found that calcium and magnesium do not form com­
plexes with azo dyes unless the dyes contain two groups ortho 
to the azo group* One of these groups uaist be a hydroxyl and 
the other either a carboxyl or a hydroxyl* With a o-carboxy-
o**hydroxyazo dye, t^ e complex fornrod is two orders of magnl* 
tude weaker than the corresponding o,o*-dlhydroxyazo dye* The 
complexes formed with the dyes and metals are all formed in 
the ratio of dye to metal of one to one with one exception; 
in the case of l-(2-hydroxyl-naphthaleneazo)-2-hydroxy-5-
{dienylbenzene a two to one complex is fomed when the solution 
contains twenty per cent of acetone* This dye forms a one to 
one complex i^ en no acetone is present* 
The combining ratios, formation constants, and ionization 
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Table 43# Formation constants and combining ratios for oal» 
cium end magnesium with azo dyes 
Dye 
L0£^  
Ca" 
B 1 4.59 2.26 1.00 1.08 
B 2 4.85 1.01 mtm 
B 3 3.50 1.23 1.03 1.06 
B 4 2.01 1.34 mum 
B 5 2.39 1.39 1.15 1.19 
B 6 3.68 1.68 1.03 1.13 
B 7 4.29 1.75 1.00 1.38 
B 8 3.81 2.50 0.95 1.01 
B 9 4.50 3.08 1.16 0.96 
constants were determined spectrophotometrically in buffered 
solutions at constant ionic strength* The values obtained 
for the combining ratios and the formation constants are 
stuomarised in Table 43* 
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V. CONCnjSIOHS 
!• Calcium and magneaiiua do not fom complexes irlth azo dyes 
unless the dyes contain two groups ortho to the aso group* 
One of tiiese groups must be a hydroxyl and the other either a 
carboxyl or a hydroxyl# With a o-carboxy-o'-hydroxyazo dye, 
the complex formed Is two orders of magnitude weaker than the 
corresponding o,o'»dlhydroxyazo dye. 
The oc»&plexes formed with the dyes and the metals are all 
formed In the ratio of dye to metal of one to one with one 
exception; In the case of l«(2->hydroxy«>l«>nax^ thaleneazo)-2<* 
hydroxy«5«phenylbenssene a two to one complex Is formed irtien 
the solution ccntalns twenty per cent of acetone* This dye 
forms a one to one complex iriien no acetone Is present* 
3* When calcium or magnesium forms a complex with an azo dye, 
a change in the absorption spectrum usually results* In the 
case of the o,o*-dlhydroxya«o dyes, the shift Is towards 
shorter wave lengthsj with the o-carboxy-o'-hydroxyazo dyes 
the shift is towards longer wave lengths* 
This shift in absorbancy is proportional to the strength 
of the complex formed* A plot of the log of the formation 
constant versus the absorbancy shift yields a strai^ t line 
for magnesium but shows rather poor correlation for calcium 
(Table 44, Pig* 57)* 
Schwarzenbach originally reported a log K value of 7*00 
127 
Table 44* Log of the formation constant vervaa the absorbancy 
idilft for Q,o*-dlhydroxyaao dyes 
Shift (nji} Lo« K 
Dye Mg Ca % Ca 
B 1 60 SO 4«59 2.26 
B 2 0 .• 4,85 ••• 
B S 0 0 3 •SO 1.23 
B 6 10 10 3.68 1.68 
B 7 50 45 4*29 1.75 
B 8 20 2& 3.81 2.50 
B 9 20 25 4.50 3.08 
F 241 100 100 5.4^ * 3.84* 
V^alues determined by Sohwarsi^ enbach (11) » 
fable 45* Dyea suitable as indicators for calcium and mag* 
neslum at a piH of 10 
Dye e^e dye "" •Gomplexe's 
B 1 purple orange 
B 3 red yellow 
B 6 red yellow 
B 7 purple orange 
B 8 blue red 
6 9 purple red-orange 
5.00 
4.00 
3.00 
2.00 
o 
0 20 40 60 80 100 
ABSORBANCY SHIFT (m^) 
FIG. 57 LOG K VERSUS ABSORBANCY SHIFT 
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for raagnesiujB with Eriochrom® Black T (10)# He later changed 
this value to 5*44 (11) • The later value ims used in Fig* S7 
and agrees very well with the other magnesiuia values* 
4* Most of the dyes that form complexes would be suitable as 
indicators for the titration of calcium and magnesium with 
ethylenediaminetetraacetic acid* Table 45 contains a list of 
the dyes that would be suitable indicators at^  the color 
changes involved* 
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PAR3? II. CALCBIN 
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I. IHTROmCTIOH 
Calcium may be determined by a variety of methods* The 
most Important of these are the gravimetric and volumetric 
methods* 
most commonly used gravimetric method Involves pre­
cipitating calcium as the oxalate (37)* This Is Ignited and 
the calcium weighed as the carbonate or the oxide, depending 
upon Ignition temperature* The precipitation of calcium as 
the oxalate Is not a separation of calcium from any metals 
bat sodium^  potassium, ammonium, and magnesium* 
After the separation of calcium as the oxalate, the de­
termination is frequently concluded volumetrically* The 
precipitate of calcium oxalate is dissolved in sulfuric acid, 
and the oxalic acid is titrated with potassium permanganate* 
The most commonly used volumetric method Involves titrat­
ing calcium with ethylenediaminetetraacetic acid* Xn the 
analysis of limestone or water, the total calcixue and mag* 
neslum may be determined by using ethylenediamlnetetraacetie 
acid as the tltrant with Erlochrome Black T as the indicator 
(38,39,40)* llther the calcium or magnesium must tiaen be 
determined separately and the other calculated by difference* 
Magnesium cannot be determined in the presence of calcium 
because the foCTBatlon constant of the calcium complex of 
ethylenedlaffllnetetraacetio acid is two orders of magnitude 
XS4 
greater than that of the magnesium complex. To determine 
calcium directly using ethylenediaminetetraacetic acid as 
the titrant, the pH la made sufficiently higja so that the 
magnesium is largely precipitated as the hydroxide and an 
indicator is used idtiich combines with calcium only* r^exide 
is such an indicator, but the end point with it is rather 
indefinite and is made worse by Increasing amounts of mag­
nesium (41,42)* 
A new indicator has been prepared for the titration of 
calcium with ethylenediamlnetetraacetlc acid in the presence 
of magnesium* It is prepared by condensing iminodiacetic 
acid with fluorescein* This is a procedure analogous to that 
p^loyed by Schwarzenbach and others for the preparation of 
the so-called metal phthaleins (43)* In higjaly alkaline 
solution ti[ie indicator is brown and its calcium complex is a 
yellow-green* At lower pH values the free indicator is also 
yellow-green* Magnesium does not form a complex with the 
indicator* The indicator may be used for the determination 
of calcium in water, limestone or other calcium compounds* 
The titration is carried out at a above 12 so that the 
end point is marked by a change from yellow-green to brown* 
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II, PREPARATION 
A* Fluorescein 
Fluorescein was prepared by tiie method of Gattermann (7)« 
B* Iminodiacetic Acid 
Geigy Cheialcal Corp* disodium iminodiacetate dlhydrate 
was dissolved in vater and the free acid precipitated by the 
addition of 111 hydTOchloric acid# 
C• Calcein 
Mix 100 g# of fluorescein (0»3 mole), 300 ml# of ethyl 
alcohol^  150 ml* of distilled water and 90 ml* of 30 per cent 
30di\im hydroxide* Add with stirring 87 g* of iminodiacetic 
acid (0*66 mole) dissolved in 105 ml* of 30 per cent sodium 
hydroxide and 120 ml* of distilled water* Cool the mixture 
to 10° C, in an ice bath* Add dropwise 74 ml* of 37 per cent 
formaldehyde (0*75 mole), stirring vigorously* After all the 
formaldehyde has been added, heat the mixture to 60° to 70° C* 
for 6 to 7 hours, stirring continuously* Allow the solution 
to cool, then dilute to 3 liters* Add 111 hydrochloric acid, 
precipitating the indicator as the free acid* Filter and 
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wash with diatllled water. Redlsaolve the material in 3 
liters of water containing 120 g. of sodium acetate. Pre­
cipitate it again with hydrochloric acid, filter and wash. 
Transfer the material Into 2 liters of ethyl alcohol, stir 
for one hour and filter. Repeat the ethyl alcohol washing, 
then dry the material in a vacuum. The product la bright 
yellow, l/ttien heated, it begins to decompose slowly at about 
185® C. 
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III. EXPERBSEHTAL WORK 
A» Purification 
!• First preparation 
The material was prepared as described earlier. The 
purified material was analyzed for nitrogen by the Kjeldahl 
method* The neutralization equivalent was determined by 
titrating with sodium hydroxide in water and also by indirect 
bromination* The results of these analyses are shown in 
Table 46• The analyses indicated that the product was a 
mixture* 
Paper chromatograidiy was used in an attempt to determine 
how many materials were present* The solvents used weret 
distilled water, methyl alcohol, acetone and dilute hydro­
chloric acid* The chromatograms did not indicate that more 
than one product was present* 
As the paper chromatograi^ y was apparently unsuccessful, 
a liquid-liquid extraction was attempted* The solvent system 
used was isoamyl alcohol and a four per cent solution of 
potassium dihydrogen phosphate* The solutions were equili­
brated and the compound was run throu^  54 tubes of the Craig 
counter current distribution apparatus* Three distinct com­
ponents were noted* The bulk of the material was in the first 
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Table 46• Analyses on calcein 
Nitrogen Neutrailgation eouiyalent 
per cent NaOH r^omlnation 
3*87 172 116 
3*91 161 
3*78 
3*56 
3*25 
3*58 
3*51 
3*61 
22 tubes of the aqueous layer* This material fanotioned as 
the calcium Indicator* A green material was present in both 
tlie alcohol and aqueous layers in tubes 28 throu^  44. This 
material did not function as the calcium indicator* A brown 
material was present in the alcohol layer in tubes 49 through 
54. This material did not function as an indicator# 
2* Second preparation 
This material was prepared as described earlier except 
that a larger amount of Iminodiacetic acid was used* The 
mole ratio of iminodiacetic acid to fluorescein was ten to 
one* The material was a brl^ ter yellow than that of the 
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first preparation. There was no change in Its indicator 
properties» 
After the preparation, the free acid was separated into 
three fractions hy fractional precipitation. These were 
analyzed in the same manner as the material from the first 
preparation. The results of the analyses are shown in Table 
47. All fractions function equally well as an indicator. 
The results indicate that a mixture is present. They also 
£^ ow that more iminodiacetio acid has been added to the 
fluorescein molecule tiian in the first preparation. 
3. Third taceparatlon 
This preparation was the same as described earlier except 
that an el^ t to one mole ratio of iminodiacetic acid to 
fluorescein was used. The material was bri^ t yellow. Its 
indicator properties were the same as the first two prepara­
tions. 
The material was analyzed in the same manner as the 
material from the earlier preparations. The results of these 
analyses are shown in Table 48. The results again indicate 
that a mixture is present. 
B. Side Reactions 
Six reactions were run in an attempt to determine if 
side reactions were taking place. In each of these reactions 
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Table 47« Analyses on calceln 
Nitrogen Heutr^ lzatlon equlyal^ t 
per cent "TfaC® Bromlnatlon 
First fraction 
4,50 233 
4,37 
Second fraction 
5.57 190 102 
4.74 
4.06 
4.76 
4.57 
4.43 
3.86 
4.20 
Third fraction 
3.41 176 
4.07 203 
253 
Table 48. Analyses on calceln 
Nitrogen 
per cent 
Neutralization equivalent 
iiaOii terofflination 
3.85 
4.07 
4.53 
187 88 
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one of the starting materials used in the preparation of the 
indicator waa left out. No reaction occurred in any of the 
six attempted. 
C • Calcium Analyses 
1* ladioator 
Solution. Dissolve 2 g. of the indicator in 25 ml. 
of 1 N sodium hydroxide and dilute to 100 ml. with distilled 
water. 
Solid. Grind thorou^ ly 1 g. of the indicator with 
100 g. of potassium chloride. 
(c) Solid with charcoal. Grind together 1 g. of the 
indicator, 10 g. of charcoal, and 100 g. of potassium 
chloride. 
2. Calcium in water 
Fipet a 50 ml. sample into a conical flask. Add one or 
two drops of two per cent indicator solution (or a scoop of a 
one per cent solid mixture, about 0.07 g.) and 5 ml. of 1 M 
sodium hydroxide containing 1 g. of sodium cyanide per 100 ml. 
Titrate with 0.02 N ethylenediaminetetraacetic acid until the 
color changes fraw yellow-green to brown. Vigorous stirring 
is necessary throu^ out the titrationf. Do not carry out the 
titration under a fluorescent lamp or in li^ t of high 
X42 
intensity• 
Standardize the ethylenediaminetetraaoetlc aold solution 
against Iceland spar or a primary standard grade of oaloixiai 
carbonate• 
3f Lime atone 
Weigh a sample of about 0*3 g* into a 400 ml* beaker* 
Add 20 ml* of Isl hydrodilorio acid and evaporate to dryness* 
Redissolve the sample in 5 ml* of ItlO hydrochloric acid and 
then dilute to 100 to 200 ml* with distilled water* To this 
add one to two drops of the indicator solution or a scoop of 
the solid indicator mixture and about 5 ml. of 10 M sodium 
hydroxide containing 5 g* of sodium cyanide per 100 ml* 
Titrate with 0*1 N ethylenedlaminetetraacetlc aold under the 
same conditions as for calcium in water* 
4* Results 
Two limestone samples from the Bureau of Standards« two 
samples of limestone from the Standard Sample Co*, Ames, Iowa« 
and a sample of selenlte (transparent variety of gypaim), 
obtained from t^ e G« Frederick Smith Chemical Co*, were 
analyzed for calcium* The limestones were analyzed by the 
procedure given above* The selenlte was dissolved in an 
excess of standard ethylenedlaminetetraacetlc acid at a pH 
of 12, the stirring being continued for 4 to 6 hours* Excess 
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Table 49* Analysis of Limestone and gypsum 
Standard 
NBS Samole Co. 
la 88 1099 llob Selenite 
(per cent) 
CaO reported 41.32 30.49 54.28 30.49 32.57 
MgO reported 2.19 21.48 0.85 21.83 
CaO found 41.31 30.48 54.33 30.34 32.53 
41.37 30.37 54.17 30.48 32.46 
41.25 30.41 54.32 30.52 32.51 
41*26 30*45 54.30 30.56 32.54 
41.22 30.44 54.23 30.42 32.64 
41.36 30.56 54.18 30.38 32.50 
41.21 30.44 54.26 30.44 32.47 
41.20 30.50 54.20 30.51 32 .54 
41.18 32.52 
32.60 
32.54 
32.46 
32.52 
Average 41.26 30.46 54.25 30.45 32.52 
Range 0.19 0.19 0.16 0.22 0.18 
Ave. dev. 0.056 0.044 0.054 0.061 0.039 
Std. dev. 0.070 0.059 0.065 0.075 0 .054 
standard calcium chloride was then added and the solution 
titrated with standard ethylenediarainetetraacetic acid. 
The results reported were obtained using both the indi­
cator solution and the solid indicator with and without char­
coal* The results on the samples from the Bureau of Standards 
were corrected for the strontium present (0»05 per cent in 
sample la and 0*01 per cent in sample 88)• The results are 
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Table 50 • Titration of calcium In pa* es erase of large amount a 
of magnesium and sodium salts 
Calcium {«•) Magnesium Sodi^  Calcium 
tSSS lOr Cg.) chloride reoowed 
vg») \%) 
0.1188 0.1188 1.0 100.00 
0.1188 0.1191 mm 3.6 100.29 
0.1188 0.1178 9mm 3.0 99.18 
0.1188 0.1190 8.4® mm 100.19 
0.1188 0.1173 10.ij 
2.2? 
2.? 
mm 98.74 
0.0833 0.08J27 m,m 99.32 
0.1175 0.1162 2.0 98.91 
0.0595 0.0585 10.9^  3.0 98.38 
0.0595 0.0589 1.9® mm 98.99 
®Mg0l2»6Hg0 
"ugCCgHsOgJg.fflgO 
given in Table 49• 
5* Interfering lona 
Titrations of known amounts of calcium in the presence of 
magnesium and sodium chloride were carried out. The magnesluia 
may exceed the calcium by a factor of 20 to 30 without inter­
ference. Large amounts of sodium salts do not affect the 
titration. The results of these titrations are given in Table 
50. 
Strontium and barium interfere and are titrated along 
witii calcium} the end point with either alone is the same as 
that with calcium. Copper and iron Interfere with the end 
point, but such interference is easily obviated by the addi­
tion of cyanide. 
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IV. SUMMARY 
A new indicator has been prepared for the titration of 
calcium in the presence of fflagneaium with ethylenediamine-
tetraacetic acid* The indicator is apparently a mixture, 
with a compound jredotainating which contains two iminodiacetic 
acid residues* 
The indicator can be added either as the solid or as a 
two per cent solution in dilute sodium hydroxide* A better 
end point is obtained if the solid indicator contains son» 
charcoal* The calcium complex appears much greener when this 
is done and, when large amounts of iron are present, the end 
point is much better* When the indicator is used alone or in 
conjiinction with charcoal, it is completely reversible* The 
end point is better in diffuse light than in illumination of 
high intensity* 
A sharper end point is obtained with calcein than with 
murexide, and larger quantities of magnesium may be present 
without impairing the end point* No preliminary treatment is 
necessary beyond dissolving the sample and adjusting the pH 
to a value of 12* Excessively large amounts of sodium and 
magnesium cause the results for calcium to be slightly low* 
Interference by copper and iron is obviated by the addition 
of cyanide* 
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